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INTRODUCTION 
A voluminous amount of information is available on the 
microorganisms associated with insects. The vast majority of 
this information, however, concerns the diseases of the later 
larval or nymphal stages. Steinhaus (1965) brought out this 
weakness in the following statement: 
It is distressing to find whole areas of pathology 
not being investigated as fully as they might. 
Recently we had occassion to think about one area 
of our discipline that appears to have had little 
attention - at least as far as concerted and 
extensive investigation is concerned. We refer 
to the paucity of information and research on the 
pathology of insect eggs. 
Failure to investigate this area is especially disconcerting 
since the period between egg deposition and establishment of 
newly hatched larvae or nymphs is extremely critical in the 
life cycle of many insects. Mortality of 80 to 95 percent or 
greater has been reported during this period for the 
European corn borer (Spencer, 1923; Caffrey and Worthley, 1927; 
Stirrett, 1938). Corn borer egg masses are laid on the under­
side of corn leaves in a relatively protected microenvironment 
and the hatching larvae migrate less than a meter to find 
suitable feeding areas. Yet, for unexplained reasons, often 
attributed to abiotic factors, the larvae suffer an extraordi­
narily high rate of mortality. Therefore, this investigation 
was initiated to identify the fungi and bacteria associated with 
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egg masses and first-instar larvae in the field and to deter­
mine the pathogenicity of these organisms on corn borer egg 
masses and larvae. 
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REVIEW OF LITERATURE 
Shortly after the introduction of the European corn 
borer, Ostrinia nubilalis, into the United States (Vinal, 
1917) a major biological control program was initiated to 
combat this pest. Since, as is the case with most introduced 
pests, the entry of the corn borer was not accompanied by 
natural regulatory factors, the major emphasis in this program 
was the introduction of corn borer parasites from Europe and 
Asia (Baker et al., 1949). Microbial control was only in its 
infancy and, thus, was given little consideration in this 
program. 
Early work on the European corn borer in the U.S.A. was 
directed primarily toward investigations on the life history 
of the insect. Several of these studies reported relatively 
high mortalities during the early larval instars. Spencer 
(1923) estimated that only one-tenth of the larvae that 
hatched were able to become established on corn plants. 
Caesar (1925), Painter and Ficht (1925) and Stirrett (1938) 
reported approximately 75 percent mortality during the first 
two larval instars of the borer. Similarly, Caffrey and 
Worthley (1927) reported a larval mortality of 91.4 percent 
and indicated that most of the mortality occurred during the 
first two larval instars. Stirrett (1938) stated, as did 
others, "that mortality takes place immediately after the 
larvae hatch and before they enter the plant." Spencer (1923) 
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also noted that many of the larvae died within seconds after 
hatching. These authors attributed the high rate of mortality 
during the early instars to desiccation, starvation or drown­
ing. However, several indicated that biotic factors may 
influence survival. 
Hergula (1930b) made observations on the survival of corn 
borer egg masses. Close observation of 50 egg masses in the 
field showed that only 16 percent of the egg masses hatched 
completely and 16 percent did not hatch at all. Mortality of 
the 1324 eggs was 34.1 percent. He attributed the failure 
to hatch to nonfertile eggs, desiccation, mechanical injury 
and "low vitality". He stated that "it is a striking fact 
that even under the most favorable conditions, a very large 
number of the hatching larvae die early". He also noted that 
under moist laboratory conditions fungi frequently destroy 
egg masses so that they failed to hatch, vrtiile noninfected 
eggs hatched in a normal manner. This phenomenon was also 
observed in the field. 
Bacteria from Insects 
The initial investigations on the microorganisms patho­
genic to the corn borer were carried on by scientists in the 
U.S.A., France, Germany, Denmark, Sweden, Hungary, Romania, and 
the U.S.S.R. under the title of the International Corn Borer 
Investigations. Metalnikov and Chorine (1928) isolated 
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several bacteria from dead or diseased com borer larvae 
received from France, Germany and Canada. Seven of these 
1 2 isolates were designated Bacterium pyraustae nos. 1-7 ' and 
consisted of both gram-positive and gram-negative nonspore-
forming rods. None of these isolates were pathogenic per os 
and only two were highly virulent on injection. The other 
bacteria, Coccobacillus ellingeri and Vibrio leonardi, were 
gram-negative rods which were very pathogenic per os. Chorine 
(1929) and Metalnikov et al., (1930a) reported additional 
bacteria from the corn borer. A second species of Cocco­
bacillus , C. gibsoni, was found to be extremely virulent per 
OS resulting in over 90 percent mortality. Several species 
and strains of gram-positive sporeforming rods were isolated 
1 2  1  2  
and named B. pyreni nos. 1-3, ' B. cazaubon, B. it all cum, 
B. canadensisB. ontarioni^ and B. christiei.^ Several of 
these were highly pathogenic resulting in greater than 90 
percent mortality within 10 to 15 hours. A gram-positive 
coccus. Micrococcus curtissi, was also isolated which resulted 
in high mortality when fed to young larvae, but only limited 
mortality when fed to mature larvae. 
During the same period Husz (1928), Chorine (1929) and 
Ellinger and Chorine (1930) found that the corn borer was 
^Val. Publ., Illeg. (Buchanan et al., 1966). 
^Not Val. Publ. (Buchanan et al., 1966). 
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susceptible to Bacillus thuringiensis which was isolated from 
the Mediterranean flour moth, Anagasta kuhniella, and sug­
gested that it might prove practical for field control of the 
borer. Husz (1929) reported that B. thuringiensis maintained 
its virulence after freezing, exposure to 100®C. and after 
repeated subculturing, B. thuringiensis was applied as a 
spray to individual corn plants and resulted in decreased 
infestation, decreased broken stalks and tassels, and an 
increase in the number of ears per 100 plants. 
Metalnikov and Chorine (1929) tested C. ellingeri• B, 
canadensis, B. galleri from the greater wax moth, Galleria 
mellonella, and B. thuringiensis for field control of the corn 
borer. The most promising results were obtained with B. 
thuringiensis with a reduction in the surviving larvae from 
16.7 per plant in the untreated check to 1.35 in the treatment. 
Metalnikov et al., (1930a) developed a spore powder by 
harvesting the bacterial growth from agar plates with water, 
adding talc, and then allowing the material to dry. Metalnikov 
et al., (1930b] then compared B. thuringiensis, B. cazaubon, 
B. pyreni nos. 1 and 2, B. galleria and B. italicum as both 
sprays and dusts. All proved to be effective in field control 
of the borer with a remge of larval mortality from 96.8 to 
99.2 percent as compared to 81.7 to 87.5 in the untreated 
checks. An average mortality of 98.0 percent was obtained 
with the dust preparations. Chorine (1930) continued the 
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field tests with these bacteria, reporting similar mortality 
data as well as a reduction in the mean number of borers per 
plant. He also reported that the highest leurval mortality was 
obtained when the application was made immediately following 
and up to two weeks post-infestation. Husz (1930, 19 31) 
reported that two applications seven days apart post-infesta­
tion reduced the number of borers per plant and the number of 
infested pleuits. Again B. thuringiensis applied as a dust 
was as effective as sprays in controlling the corn borer. 
As Steinhaus (1947) noted, the studies by the Inter­
national Corn Borer researchers on the microbial control of 
the borer showed very promising results. Valid field tests 
had demonstrated the feasibility of B. thuringiensis as a 
control measure. However, for unexplained reasons the 
activities of this group were terminated. 
Several other bacteria have also been tested against the 
corn borer. Zemoff (1931) injected larvae with a bacterium 
designated Bâtonnet rouge de Metalnikov, meaning a small red 
stick. Steinhaus (1959) suggested that this bacterium is 
synonymous with Serratia marcescens. Zernoff (1931) reported 
that the bacterium was highly pathogenic via injection^ 
requiring only 1 to 4 cells to produce death. It was only 
slightly pathogenic per os. McConnell and Cutkomp (1954) 
reported that B. cereus was nonpathogenic when fed to corn 
borer larvae. 
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During the period 1944-1950 diagnosis of diseased com 
borer larvae by pathologists at the Laboratory of Insect 
Pathology, University of California showed infection by 
coliform or paracolon bacteria emd several strains of Pseudo-
monas spp. (Steinhaus, 1951). Bacteria were present in 21.5 
percent of diseased corn borer larvae submitted between 1951 
and 1961 (Steinhaus, 1962). Even more interesting were eight 
egg masses submitted from Wisconsin which were produced in the 
laboratory by field-collected adults. These eggs either 
failed to hatch or the larvae died shortly after hatching. 
Diagnosis showed the presence of P. aeruginosa and a small 
gram-negative, lactose-negative rod. 
In another study of diseased corn borer larvae, Steinhaus 
(1952) reported that 30 percent of 274 larvae were infected 
with bacteria. In 26 percent of the cases, only bacteria were 
isolated from the larvae. A total of 91 stains of bacteria 
were isolated, the majority of which were gram-negative rods. 
Of 48 stains studied, 22 were coliforms and fit the descrip­
tion of Enterobacter cloacae. Those failing to ferment 
lactose were identified as Pseudomonas sp., Alcaligenes sp., 
(probably A. bookeri) and AchrtMnobacter sp. Four strains of 
sporeforming bacteria were isolated emd identified as B. 
cereus. Three of the B. cereus isolates were moderately 
pathogenic for the alfalfa caterpillar, Colias eurytheme. 
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Raun and Brooks (1963) made an extensive survey of the 
microorganisms from diseased corn insects in Iowa. Approxi­
mately 1400 insects were examined and, from these, 400 strains 
of bacteria were isolated. Only 88 of the bacterial strains 
were pathogenic on injection, and only 13 produced greater 
than 40 percent mortality when force fed to corn borer larvae. 
The bacteria that were moderately pathogenic by feeding were 
Enterobacter sp., E. aerogenes, Streptococcus faecalis, 
S. faecalis var. liquefaciens, £. mitis, Achromobacter 
(delmarvae), P. boreopolis and S. marcescens. Only the first 
four were isolated from corn borer larvae, but all were tested 
for pathogenicity to the corn borer. S. faecalis var. 
liquefaciens and P. boreopolis were the only bacteria pro­
ducing more than 50 percent mortality when larvae were fed a 
suspension of the bacteria on artificial media. 
Nesbitt and Zimmack (1968) reported on the effects of 
16 bacterial species on the European corn borer. Egg masses 
in the blackhead stage of development were treated with a 
drop of bacterial suspension. The larvae were allowed to 
hatch in rearing containers of corn leaf diet and were observed 
for rate of development and mortality. Little mortality was 
noted, but development was slower for larvae that hatched from 
eggs treated with S. marcescens and Escherichia coli. There­
fore, individual observations were made on larvae hatching 
from eggs treated with S. marcescens, E. coli, and a 
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combination of the two. A lower percentage hatch was noted 
for eggs treated with marcescens. As before, a very low 
mortality, 4.0 to 11.5 percent, was reported. However, 
development was slower for bacteria treated insects in compari­
son to the control and adults emerging from these treatments 
showed a decided reduction in egg production. Egg production 
per female was 144 eggs for the combination treatment, 200 
eggs for the E. coli treatment, 287 eggs for the £. marcescens 
treatment, and 390 for the control. 
In another diagnosis of disease, Lysenko (1959) found 
A. marshallii in corn borer larvae. The bacterium was 
accompanied by the nematode Neoplectana carpocapsae and the 
microsporidian Nosema pyrausta. 
Most studies on the diseases of the corn borer, as well 
as most other insects, have considered only the larval stage, 
primarily the fifth instar. Steinhaus (1965) noted this 
deficiency and called for more concentrated research on the 
diseases of eggs. As previously mentioned, P. aeruginosa has 
been isolated from corn borer eggs. P. aeruginosa, along 
with Flavobacterium devorans, was also isolated from eggs of 
Locus tana paradai ina (Prinsloo^ 1961) . P. rhenanun». was 
consistently isolated from eggs of Tiracola plagiata from New 
Guinea (Steinhaus, 1965). Bell (1969) isolated S. marcescens 
from corn earworm, Heliothis zea, eggs produced in the 
laboratory. Subsequent bioassays against lazrvae of the 
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cabbage looper. Trichoplusia ni, resulted in 80-95 percent 
mortality. S. marcescens was also isolated from eggs of the 
Mediterranean fruit fly, Ceratitis capitata (Moore and Nadel, 
1961). Chao et al. failed to isolate microorganisms from the 
eggs of five species of mosquitoes. Goodwin (1968) noted an 
"egg blackening" condition in studies of the bacteria of the 
armyworm, Pseudoletia unipuncta. The condition was character­
ized by a rapid darkening of the egg in comparison to a much 
slower darkening in infertile eggs. However, no micro­
organisms were isolated. 
The number of bacteria isolated from larvae and nymphs 
of insects are much more extensive. The majority of these 
bacteria belong to the Pseudomonadaceae, Enterobacteriaceae, 
Micrococcaceae, Lactobacillaceae and Bacillaceae (Steinhaus, 
1949), although bacteria from insects have also been isolated 
from the Neisseriaceae, Corynebacteriaceae and other families 
(Bucher and Stephens, 1959b). A list of bacteria commonly 
isolated from insects is presented in Table 1. More detailed 
reports are presented in Steinhaus (1947, 1949, 1963a) and 
Surges and Hussey (1971). One of the more thorough investiga­
tions on the bacteria associated with insects was by Bucher 
and Stephens (1959a, b, c) on the grasshoppers of Canada. 
Bacteria may also affect the post-larval stages, and in 
some cases are transmitted to the next generation. B. 
thuringiensis has been reported to produce a septicemia in 
Table 1. Selected references of bacteria isolated from lepidopterous insects 
Insect Status Bacteria Reference 
tomato hornworn and 
tobacco hornworm 
Manduca 
quinquemaculata 
M. sexta 
armyworm 
P. unipuncta 
healthy S. faecalis 
Micrococcus spp. 
diseased Alcaligenes sp. 
A. recti 
A. faecalis 
Achromobacter butyri 
A. eurydice 
A. pestifera 
Flavobacterium sp. 
Citrobacter sp. 
Klebsiella pneumoniae 
E. aerogenes 
E. cloacae 
Proteus rettgeri 
P. morganii 
S. marcescens 
Arthrobacter sp. 
healthy Paracolobactrum 
aerogenoides 
Staphylococcus 
epiaermidis" 
Bucher (1967) 
McLaughlin (1962) 
or Goodwin (1968) 
armyworm 
P. unipuncta healthy 
diseased 
Gypsy moth diseased 
Porthetria 
dispar 
tent caterpillars diseased 
Western- M. pluviale 
Eastern- M. am&ricanum 
forest- M. disstria 
cabbage butterfly healthy 
Pieris rapae 
Achromobacter sp. 
Alcaligenes sp. 
Brevibacteriuin sp. 
Streptococcus sp. 
Micrococcus sp. 
Pseudomonas sp. 
Flavobacterium sp. 
Bacillus sp. 
P. aeruginosa 
S. marcescens 
E. aeroqenes 
S. faecalis var. 
liquefaciens 
S. faecalis 
B. cereus 
B. thuringiensis 
Group C Enterobacter 
Pseudomonas sp. 
Clostridium 
brevifacTens 
C. malacosoma 
E. aerogenes 
E. cloacae 
F. acidifieum 
B. aerifaciens 
Podgwaite and 
Campbell (1972) 
Doane (1970) 
Bucher (1961) 
Steinhaus (1941) 
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prepupae or pupae of the forest tent caterpillar, Malacosoma 
disstria, the mourning-cloak butterfly, Nymphalis antiopa, 
(Angus, 1965), the pink bollworm, Pectinophora gossypiella, 
(Ignoffo and Graham, 1967) and the spruce budworm, Choristo-
neura fumiferana (Klein and Lewis, 1966). Bucher (1963) 
reported the tremsmission of S. faecalis by G. mellonella to 
the filial generation. The bacterium multiplied in the gut 
of the larva, pupa and adult, but on emergence 90 percent of 
the bacterial flora was lost as the adult discharged the 
meconium. Transmission occurred when the egg surface or ovi-
position substrate became contaminated with the meconium or 
feces of the adult. 
Bucher (1960) classified the association between insects 
and pathogenic bacteria into four groups: obligate pathogens, 
crystalliferous sporeformers, facultative pathogens and 
potential pathogens. 
The obligate pathogens are found in nature only associated 
with a specific disease of insects. They are usually limited 
to one species of insect or to a closely related group of 
species. These bacteria are very difficult to culture and are 
probably found in nature growing only within the body of 
specific insects. An example of this group is B. popilliae. 
The crystalliferous sporeformers are represented by the 
B. thuringiensis group. Seventeen varieties of this bacterium 
have been described (DeBarjac and Bonnefoi, 1973). These 
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bacteria produce a parasporal crystal, the 6-endotoxin, in the 
sporangium during sporulation. When this toxin is ingested by 
susceptible insects, the gut is weakened, allowing the 
bacteria to enter the hemocoel and produce a septicemia. 
Bacteria of this group are readily cultured and multiply in 
nature both in the insect hosts and, under proper conditions, 
on materials which support their growth. 
Facultative pathogens possess some mechanism, other than 
the parasporal crystal of the former group, for damaging the 
host and invading susceptible tissue. An exsonple of this 
group are strains of B. cereus which produce sufficient 
quantities of phospholipase C to produce pathological changes 
in the larch sawfly, Pristophora erichsonni, after ingestion 
(Heimpel, 1955). These bacteria are also readily cultured 
and occur in nature. 
Certain bacteria possess the capacity to produce a fatal 
septicemia in the hemocoel of an insect, but lack invasive­
ness . That is, they do not produce, or are unable to produce, 
toxins or enzymes in sufficient quantities to damage host 
tissue to the extent that they can enter the hemocoel. This 
group has been designated as potential pathogens and is 
exemplified by S. marcescens• Like the former group, they 
occur widely in nature and grow readily on artificial media. 
A fifth group, pathogens of doubtful status, has also 
been recognized (Steinhaus, 1963a). These bacteria produce 
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mortality when injected into the hemocoel in rather large 
quantities, in comparison to potential pathogens which require 
only a small inoculum. Other members of this group cause 
variable mortality when ingested or may be unable to produce 
a septicemia even if they enter the hemocoel. In a number of 
these cases, the isolation and identification of bacteria from 
insects have not been followed by adequate bioassays and 
reisolations to establish their status as members of the 
former groups. 
Fungi from Insects 
The history of microbial control, especially the use of 
fungi against insects, was reviewed by Steinhaus (1956) in 
"Microbial Control-The Emergence of an Idea". Like the 
bacteria, a list of entomogenous fungi and their hosts would 
be quite lengthy. Several check lists of entomogenous fungi 
(Charles, 1941; Patch, 1948; Baird, 1958) and review articles 
(Steinhaus, 1963b; Madelin, 1968, 1969; Burges and Hussey, 
1971) have been published. Over 300 references with abstracts 
were listed by Baird (1958) on the use of fungi for insect 
control. The major taxa of fungi pathogenic for insects are 
listed by Madelin (1968). The most widely encountered genera 
are Beauveria, Metarrhizium, and Isaria (Spicaria) amd less 
frequently Aspergillus, Cephalosporium, Sorosporella, 
Hirustella and Verti ci Ilium (Acrostalacrmug) (Steinhaus, 1963a). 
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The first report on fungi pathogenic to the corn borer 
was by Metalnikov cuid Toumanoff (1928). Com borer larvae 
were infected with A. flavus, S. farinosa, B. bassiana and 
Sterigmatocystis nigra. A. flavus was the most virulent 
resulting in 100 percent mortality; B. bassiana and I. 
farinosa were also very pathogenic. Infection occurred both 
through the cuticle and per os (Toumanoff, 192 8). 
Wallengren and Johansson (1929) studied the conditions 
necessary for M. anisopliae to infect the corn borer. Rate 
of infection and mortality were enhanced by temperatures in 
the range of 18 to 20®C. and high humidity. Infection 
occurred through the cuticle. 
Greenhouse experiments in which M. anisopliae spores were 
dusted over corn borer infested com plants resulted in 99.1 
percent larval mortality as compared to 74.9 in the untreated 
check (Wallengren, 1930). Field tests with varying rates of 
Metarrhizium dusts applied immediately before artificial 
infestation resulted in 9 8.8 percent mortality as compared to 
85.6 for the check (Hergula, 1930a). Only 25.1 percent of the 
plants were infested with larvae in the treatments and 98.0 
percent were infested in the check. Similar results vrere 
obtained in the following year although under contrasting 
environmental conditions (Hergula, 1931). During 1930 the 
weather was cool and humid but during 1931 the weather was 
hot and dry. Application of M, anisopliae seven days 
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before infestation gave little control, indicating a relatively 
short longevity. 
The pathogenicity of M. anisopliae was found to depend 
on the cultural conditions under which it was grown. There­
fore, Vouk and Klas (1931) studied the artificial culturing 
of this fungus. The range of temperatures favoring noznaal 
development was 10 to 30®C., but the optimum for spore produc­
tion was 24 to 26°C. Itycelial growth occurred in a pH range 
of 4.7 to 10, however, optimum range for spore production was 
6.9 to 7.4. Spore viability was destroyed by exposure to 
temperatures of 55 to 60°C. for five minutes. 
M. anisopliae had no effect on egg masses when the eggs 
of the corn borer were dusted with spores. Although the 
spores germinated and hyphae covered the egg surface, the 
fungus did not inhibit embryonic development and larval hatch 
(Hergula, 1930a; Wallengren, 1930). Smith (1961) reported a 
16.4 percent mortality for corn borer eggs treated with M. 
anisopliae and 29.5 percent for eggs treated with B. bassiana. 
Lafebvre (1931a, b) was the first to report B. bassiana 
infecting corn borers in the U.S. Strains were isolated by 
cultural characteristics and named B. bassiana and S. 
globulifera (now B. tenella). B. globulifera was only 
moderately pathogenic in the laboratory, while B. bassiana 
was highly pathogenic. Field tests with B. bassiana have 
produced variable results. Lafebvre (1931b) reported only 
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partial control, while Bartlett and Lefebvre (1934) and 
Stirrett et al. (1937) reported from 63 to 79 percent reduc­
tion in corn borer populations by application of B. bassiana 
spores. Timing of the applications was reported as critical 
for good control. More recent studies (York, 1958) showed 
that spores formulated on com meal were more effective than 
spores formulated as sprays or dusts. Good results were 
obtained for first generation larval control, but less con­
sistent results were obtained for second generation control. 
Smith (1961) compared B. bassiana and M. anisopliae for 
pathogenicity for the corn borer in both the laboratory and 
field. The average hatch of eggs treated with spores of 
Metarrhizium eind Beauveria was 83.6 and 70.5 percent, respec­
tively. Both were highly pathogenic to larvae. Pupae and 
adults were only moderately susceptible to Metarrhi zium, but 
adults were highly susceptible to Beauveria. Field control 
with M. anisopliae applied in both spray and granular formula­
tions was unsatisfactory. Comparable formulations of B. 
bassiana were more effective, however, ranging from 59.1 to 
100 percent control. 
Baird (1954) isolated a species of Cephalosporiim from 
corn borer larvae that had died in cold storage. Laboratory 
bioassays showed that larvae could be infected by contact or 
injection. Forty percent of the larvae died when exposed to 
spores of Cephalosporium for one hour and 70 percent died when 
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exposed to spores for two hours. 
Twelve species of fungi were isolated from corn borer 
cadavers in a study of the entomogenous fungi from corn 
insects in Iowa (Brooks and Raun, 1965). The fungi were A. 
niger, A. ustus, B. bassiana, Fusarium neoceras, M. anisopliae, 
Mycoderma clayi, Paceliomyces varioti, Pénicillium cyclopium, 
P. decumbensy P. puberulum and Rhizopus stolonifer. Laboratory 
pathogenicity tests on third- through fifth-instar larvae 
showed that only B. bassiana and M. anisopliae were highly 
pathogenic. 
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METHODS AND MATERIALS 
Sampling Procedures 
Steinhaus (1954) points out that naturally occurring 
diseases of insects are density dependent. The probability of 
detecting a disease within an insect population, therefore, 
would be greatly enhemced by a high density of insects. 
The European corn borer in Iowa produces two generations 
per year. Eggs from the first generation of adults are 
deposited on whorl stage corn in late May to late June. Eggs 
from second generation adults are deposited on com in the 
tassel and silk stages in early August through early September. 
During the past several years in central Iowa, the number of 
first generation borers has been relatively low and the number 
of second generation borers has increased substantially. 
Because of this variability in natural corn borer popula­
tions, an artificial system was used to provide high borer 
populations and thus maximize the probability of detecting 
diseases of corn borer egg masses and first-instar larvae. 
Adults for oviposition were confined in 1.83 m. x 1.83 m. x 
1:83 plastic screen cages vrhich were erected in corn fields 
on the Iowa State University, Ankeny Research Farm. The 
frames for the cages were constructed of 2.54 cm. conduit which 
were anchored by pushing them into the ground. The frame was 
then covered with a plastic mesh cage which was anchored by 
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eight iron stakes. Entrance into a cage was provided by a 
1.83 m. zipper in one side of the cage. Two such cages were 
placed side by side, approximately 45 meters from the nearest 
border, in each of six corn fields. 
Adults for first generation egg production were provided 
by the techniques described by Guthrie et al. (1965). Each 
fall, corn borer-infested corn stalks were cut and placed in 
large, screened emergence cages (31.1 x 4.9 x 2.1 m.) to pro­
vide a source of moths the following spring. During the 
emergence period, adults from these cages were collected and 
approximately 200 pairs of adults were released into each of 
the 12 field cages for oviposition. 
For the second generation, eggs were produced by adults 
that emerged within each field cage from first generation 
larvae. These were supplemented with adults produced by 
rearing larvae on a wheat germ diet (Lewis and Lynch, 1969) 
according to the techniques of Reed et al. (1972). As before, 
approximately 200 pairs of adults were released into each 
cage. 
Daily observations were made to determine the rate of 
ovû.pcsâ.txon and developmental stage of the eggs* Eggs xn the 
blackhead stage of development (ca. four hours before hatching) 
were collected each day. Samples were also taken of eggs 
which showed any aberramt coloration or morphology or that 
failed to hatch. Several samples of dead first-instar larvae 
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were also taken. A special punch (Figure 1), which cuts a 
circular, 23 mm. diameter disc of corn leaf tissue was used to 
collect the eggs. Each disc contained one egg mass and was 
placed in a sterile, ground glass stoppered weighing bottle 
with a pair of forceps. Contamination was minimized by 
rinsing the punch and forceps in 95 percent ethanol before 
taking each sample. 
The egg masses were brought into the laboratory for 
observation. Each was given an accession number to designate 
the sample number and cage from which it was taken. For each 
sample, observations were recorded on the source, date, 
developmental stage, condition and percentage hatch. 
The egg masses within the weighing bottles were then 
incubated at 26.7°C., 80 percent relative humidity and 
continuous light so that the eggs could complete their develop­
ment. Daily observations were made on the egg masses and a 
visual estimate of the percentage hatch, survival and 
establishment on the corn leaf disc were recorded. Larvae 
that hatched were allowed to feed on the corn leaf tissue for 
an additional 48 hours and the percentage establishment was 
recorded. 
Microbial Isolations 
Egg masses or larvae, to be cultured, were surface steri­
lized by submerging them in either two percent sodium hypo­
chlorite or 70 percent ethanol for one minute. The egg masses 
Figure 1. Technique used to isolate corn borer egg masses 
a. Punch for isolating egg mass 
b. Egg mass on the underside of a corn leaf 
c. 23 mm. disc of corn leaf tissue containing 
an egg mass 
d. Egg mass isolated in glass stoppered 
weighing bottle 
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or larvae were then passed through two rinses of sterile 
distilled water and were either transferred to Sabouraud's 
dextrose agar for the isolation of fungi, or homogenized and 
plated on nutrient agar for the isolation of bacteria. Several 
tests of surface sterilization were made by transferring the 
egg mass or larva, after one to three minutes, from the 
original agar plate to a second agar plate. In all tests, 
fungi or bacteria did not grow on the original agar plate; 
surface sterilization of the egg mass or larva was, therefore, 
complete. 
Egg masses that showed abnormal development or disease 
symptoms or that failed to hatch, and dead larvae which 
resulted from failure to feed or establish on the corn leaf 
tissue were cultured for bacteria and fungi. Egg masses with 
fungal mycelia growing on their surface were surface steri­
lized as above, transferred to Sabouraud's dextrose agar and 
incubated at 30®C. If the fungus failed to grow, or if growth 
was retarded, the egg mass was transferred to either potato 
dextrose agar or Czapek's agar. In many cases, several addi­
tional transfers were necessary to obtain a pure fungal 
culture free of bacteria^ 
Eggs which failed to hatch and larvae which failed to 
establish, but showed no external fungal growth, were cultured 
for bacteria. The eggs or larvae were surface sterilized, 
aseptically transferred to a microblender containing ten 
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milliliters of sterile distilled water, and were then homo­
genized for one minute. The microblender was sterilized by 
boiling for one minute, and was allowed to cool before re-use. 
Serial dilutions of the homogenate were made for each sample 
and were plated on nutrient agar petri plates. For each 
dilution, 0.1 ml. of diluent was placed in the center of each 
of three prepoured petri plates. The diluent was then spread 
over the surface of the agar with a sterile, angled glass rod. 
—2 —4 In general, dilutions of 10 to 10 were used for larvae and 
10 to 10 for egg masses. The agar plates were incubated 
overnight at 30®C. and then held at room temperature for three 
to four days. Bacteria were isolated during this period by 
examining the plates under transmitted, reflected or oblique 
light and with a Quebec colony counter. To insure that all 
isolates were in pure culture, each isolate was replated and 
reisolated twice. Upon several occasions, several colonies 
that bore close resemblance to each other were isolated to 
ascertain whether or not species with identical colony 
morphologies were not missed. Each bacterial isolate was 
assigned a reference number (i.e. A57L-2-3) indicating the 
field cage (A) from which it was taken, the number of the 
sample from that cage (57) and a letter that designated 
whether the sample was an egg mass (E), larva (L) that failed 
to establish on the com leaf disc or dead larva (D) collected 
on the com plant. The second and third numbers indicate the 
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number of larvae (2, the second larva) homogenized from sample 
A57L, and the isolation number of the particular bacterium 
(3, the third bacterium). 
All bacterial isolates were maintained on either nutrient 
agar or in nutrient broth. Cultures were incubated for 48 
hours at 30°C. and then were stored at 4®C. Two cultures of 
each bacterium were always maintained; a working culture and 
a reserve culture from which the working culture was trans­
ferred. Similar working cultures and reserve cultures were 
also maintained for fungi; the working culture was held at 
room temperature and the reserve culture at 4°C. 
Identification of Fungi 
Fungi were classified according to Barnett (1960) and 
Oilman (1957) with reference to Barron (1968). The fungi were 
incubated at 30°C. on the medium upon which best growth and 
sporulation for that strain was obtained; in most cases this 
was Sabouraud's dextrose agar. Two techniques were employed 
that aided in the identification. After approximately seven 
to ten days growth, a thin section of the fungus and agar was 
sliced with a razor blade.- placed on a microscope slide and 
covered with a cover slip for microscopic examination. In the 
second technique, a slide and coverslip were placed on a 
support within a glass petri plate and sterilized. A small 
cube of agar was then transferred aseptically to the petri 
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plate and placed between the slide and cover slip. The agar 
was inoculated with the fungus to be identified and the cover 
slip gently pressed to provide a uniform, thin layer of agar 
under the cover slip. Approximately one milliliter of sterile 
distilled water was placed in the bottom of the petri plate 
and the covered petri plate with slide was incubated at 30®C. 
for seven to ten days. In both cases, microscopic examination 
and identification were often enhanced by the addition of a 
few drops of aniline blue to the edge of the cover slip. 
Tentative identification was made for most of the 
isolates. They were then sent to Dr. L. R. Batra, Mycologist, 
Agriculture Research Service, Beltsville, Maryland, for con­
firmation or identification. 
Fungal Bioassay 
A preliminary experiment was performed with fungi to 
determine the most susceptible age of egg masses for treatment. 
Several of the fungi were grown at 30°C. on Sabouraud's 
dextrose agar slants in 150 x 20 mm. culture tubes. After 
incubation for seven days, ten milliliters of sterile distilled 
water was added tc the culture tubs and agitated with a lab 
mixer to remove conidia and nycelial fragments. The water 
suspension of spores and hyphae was topically applied to egg 
masses that were 0, 1, 2 and 3 days of age. In one series, 
five eggs within the mass were intentionally injured by 
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piercing the chorion with a minuten under a dissecting micro­
scope. A similar series of uninjured eggs was also treated. 
The eggs were incubated at 26.7°C., 80 percent relative 
humidity, and constant light until hatch. The eggs were then 
counted under a dissecting microscope and the percentage hatch 
was recorded. 
After the preliminary experiment, a second bioassay for 
all fungi was performed using 0-day-old egg masses. The egg 
masses, that had been layed on sheets of waxed paper, were 
punched so that each circular disc of wax paper contained one 
egg mass (Guthrie et al., 1965). A straight pin was pressed 
through the disc containing the egg mass. Eight rows, each 
containing ten pins and discs, were placed on sterilized 
composite board (approximately 20.5 cm. x 12.8 cm.). Two 
microliters of the fungal spore-hypha suspension was topically 
applied to ten egg masses for each treatment. Treatments 
consisted of applying the inoculum to either uninjured egg 
masses or egg masses in which five eggs had been pierced as 
previously described. A second autoclaved composite bcrd was 
placed over the top of the pins and the boards were wrapped in 
sterilized newspaper saturated in sterile distilled water. The 
wrapped boards were then sealed in plastic bags and incubated 
as before. These procedures were adapted to decrease con­
tamination. 
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The design of the experiment was a split-plot arrangement 
of treatments in a randomized complete block with four repli­
cations. Fungi were used as the whole plot and injured and 
uninjured egg masses as the subplot. Two days after hatching, 
the egg masses were examined under a dissecting microscope to 
determine the percentage hatch. Egg masses which produced 
50 percent or greater unhatched eggs were surface sterilized 
and placed on Sabouraud's dextrose agar to reisolate the 
fungus. 
Identification of Bacteria 
Bacteria isolated from eggs or first-instar larvae of 
the corn borer were either aerobes or facultative anaerobes. 
No attempt was made to isolate obligate anaerobic bacteria. 
The bacteria were examined for colony morphology on nutrient 
agar plates. Cellular morphology and motility were observed 
in a hanging drop preparation and cellular measurements were 
made after checking the gram reaction by Hucker's Modification 
of the gram stain. 
The classification of the gram-negative, rod-shaped 
bacterxa has undergone consû.derable change since the seventh 
edition of Sergey's Manual (Breed et al., 1957). The most 
notable changes are the revised classifications of the 
Enterobacteriaceae and the Pseudomonadaceae, and the deletion 
of the Achromobacteriaceae. Many taxonomists presently depict 
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the Enterobacteriaceae as a series of inter-related groups 
forming a continuum of related bacteria rather than definite, 
distinct species. Several classifications have been proposed, 
among which are those of Kauffmann (1954), Kauffmann et al. 
(1956), Enterobacteriaceae Subcommittee (1958) and Edwards and 
Ewing (1972). The eighth edition of Sergey's Manual Buchanan 
and Gibbons, 1974) was selected as the most definitive and 
appropriate reference for the present studies. 
The oxygen requirements of the gram-negative, rod-shaped 
bacteria were determined in fluid thioglycollate medium and 
in oxidation-fermentation media containing one percent carbo­
hydrate (Hugh and Leifson, 1953). The bacteria were also 
tested for the production of catalase by the addition of 3.0 
percent hydrogen peroxide to a colony on nutrient agar, and 
for cytochrome oxidase by the methods of Gaby and Hadley (1957) 
and Ewing and Johnson (1960). 
The Enterobacteriaceae are facultative anaerobic, gram-
negative bacteria that reduce nitrates (with the exception of 
two species of Erwinia) and do not produce cytochrome oxidase. 
These bacteria were checked for their utilization of and gas 
production in carbohydrate broth base (Edwards and Ewing, 
1972) containing glucose, lactose, sucrose, mannitol, dulcitol, 
salicin, adonitol or inositol. Their ability to reduce 
nitrates to nitrites was tested by the method recommended by 
the Enterobacteriaceae Subcommittee C1958); all negative tests 
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were confirmed. Liquefaction of gelatin, deamination of 
phenylalanine, utilization of sodium malonate, growth in the 
presence of potassium cyanide, production of indole, hydrogen 
sulfide and acetylmethylcarbinol (V.P.), the methyl red (MR) 
test, and motility in semisolid medium were performed by the 
methods recommended by Edwards and Ewing (1972). Tests for 
lysine and ornithine decarboxylases and arginine dihydrolase 
were also conducted as outlined by Edwards and Ewing (1972). 
Confirmation of identification was obtained by submitting 
representative cultures to Dr. W. H. Ewing, Communicable 
Disease Center, Atlanta, Georgia. 
The aerobic, gram-negative bacteria were observed for 
cellular morphology after 8, 24 and 48 hours of incubation in 
nutrient broth at 37°C. Members of the genus Acinetobacter 
often appear as short rods during the exponential phase of 
growth, but take on a coccal form in later stages of growth. 
Those gram-negative bacteria which retained their rod 
shape throughout their growth period and displayed an oxida­
tive metabolism were placed in the Pseudomonadaceae. As 
previously mentioned, the pseudomonads and related bacteria 
have undergone considerable change in their classification 
since the seventh edition of Sergey's Manual; the most notable 
changes are the retention of only aerobic bacteria in the 
group and considerable alterations in the biochemical tests 
used for classification of the Pseudomonadaceae. Two other 
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families are associated with the Pseudomonadaceae in the 
eighth edition, the Azotobacteriaceae, which are able to fix 
free atmospheric nitrogen, and the Methylomonadaceae, which 
are obligately dependent on single carbon organic compounds. 
The pseudomonads were classified only to genus. They were 
observed for a green, yellow or blue diffusible pigment which, 
when present, was checked for fluorescence. Utilization of 
carbohydrates, production of catalase and cytochrome oxidase 
were tested by methods that were previously mentioned. 
The gram-negative cocci and cocco-bacilli were tested 
for oxygen requirements in fluid thioglycollate medium. 
Utilization of carbohydrates was determined in 0-F basal 
media. Observations were also made on the cellular morphology 
after 8, 24 and 48 hours to distinguish the A-cinetobacter from 
genera which retain their coccal morphology throughout the 
growth period. The division planes of the cocci were also 
noted because two of the genera within the family Neisseriaceae 
show division in two planes, while the remaining genera divide 
in only one plane. The bacteria were then tested for produc­
tion of catalase and cytochrome oxidase, and for their ability 
to reduce nitrates to nitrites. 
The gram-positive cocci were transferred to nutrient agar 
so that colony morphology and chromogenesis could be observed 
and to nutrient broth for examination of cellular division and 
arrangement. They were then tested for their ability to 
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produce catalase, oxidize or ferment carbohydrates (Hugh and 
Leifson, 1953), produce acetylmethylcarbinol (V.P.) or acid 
(MR) in buffered peptone glucose broth, produce indole and 
reduce nitrates to nitrites. These bacteria were also observed 
for ability to grow at 10 and 45°C. and in 2, 6.5 and 10 per­
cent sodium chloride nutrient broth. Hemolytic activity was 
observed on five percent defibrinated sheep blood in tryptic 
soy agar. 
The gram-positive rods were stained for spore production 
by the method of Smirnoff (IS62). The sporeforming rods were 
observed after 48 to 72 hours growth on nutrient agar at 37®C. 
for swelling of the sporangia. Crystal formation during 
sporulation was observed under phase contrast. The bacteria 
were then tested for production of acetylmethylcarbinol and 
utilization of glucose and mannitol. The crystal formers were 
sent to Dr. H. deBarjac, Institut Pasteur, Paris, France, for 
variety analysis. 
Nonsporeforming, gram-positive rods were stained by the 
Ziehl-Nielsen method for determining acid-fastness. They were 
checked for catalase and oxidase production by the methods 
previously described. Metabolism was determined in 0-F basal 
media for glucose, lactose, sucrose and mannitol. Other tests 
included reduction of nitrates to nitrites, production of 
indole, acetylmethylcarbinol and hydrogen sulfide and ability 
to liquefy gelatin and attack cellulose. All members of this 
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group were observed for cellular pleomorphism after 8, 24 and 
48 hours of incubation in tryptic soy broth at 32°C. Possible 
representatives of the Corynebacteriaceae .were observed to 
discover if a palisade arrangement of cells (due to snapping 
division) was present by inoculating a nutrient agar plate; 
the inoculum was covered with a 24 x 40 mm. cover slip and 
division and arrangement of cells were observed under a phase 
contrast microscope. 
Bacterial Bioassays 
Bacteria isolated from corn borer eggs and larvae were 
bioassayed by two methods. In the first type of bioassay, 
small, lyophilized diet plugs (Lynch et al., 1973) were 
rehydrated with a liquid suspension of each bacterium. The 
diet used was the wheat germ medium described by Lewis and 
Lynch (1969),- but without Fumidil B (Lewis and Lynch, 1970), 
aureomycin or mold inhibitors. The diet plugs were cut with 
a 6 mm. (inside diameter) glass tubing so that each plug was 
approximately 6 mm. in diameter and 12 mm. in length. After 
cutting, the plugs were frozen, lyophilized for 24 hours and 
then stored in sealed plastic bags in a freezer until use. 
For assaying, the bacteria were inoculated into ten milliliters 
of nutrient broth for nonsporeformers, or onto seven milli­
liter nutrient agar slants for sporeformers and were incubated 
at 30°C. for 48 hours. In the case of nonsporeformers. 
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lyophilized diet plugs were placed in cotton-stoppered rearing 
vials (17 mm. diameter x 65 mm. length) and were rehydrated 
with 0.25 ml. of the nutrient broth culture that had been 
agitated for one minute with a vibratory mixer. For spore-
formers, the growth was rinsed from the agar surface by adding 
ten ml. of sterile distilled water and agitating for one minute 
with a vibratory mixer; the cell-spore suspension was then 
used to réhydraté the diet plugs as above. An untreated con­
trol, rehydrated with distilled water, was included in each 
bioassay. Two neonate laurvae were placed on each of the re­
hydrated plugs. A total of nine bioassays, each conforming 
to a particular group of bacteria, were performed. The design 
of each bioassay was a randomized complete block. Three 
replications and seventeen vials, each with two larvae, were 
used for each treatment within a replicate. Mortalities three 
days after the larvae were placed on the treated media were 
recorded. 
In the second bioassay, egg masses were treated with a 
liquid suspension of each bacterium. A preliminary assay was 
performed to determine the most susceptible age of egg masses. 
From this assay, three-day-old egg masses in the blackhead 
stage of development were selected for further testing. The 
experimental design was a randomized complete block with three 
replications and ten egg masses per treatment within each 
replicate. The bacterial cultures were grown as described in 
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the previous experiment and a liquid suspension was used to 
treat the egg masses. Two microliters of each bacterial 
suspension were topically applied on each egg mass with a 
microliter syringe. A control, treated with sterile distilled 
water, was included in each experiment. Inoculated eggs were 
placed in individual, one ounce jelly cups (18 mm. deep x 
26 mm. bottom diameter x 34 mm. top diameter) containing 
approximately ten ml. of wheat germ diet. After incubation 
for three days, the percentages of eggs that hatched, per­
centages of hatched larvae that established on the diet and 
total percentage mortality were recorded. As before, the 
bacteria were divided into taxonomic groups, and a bioassay 
was performed on each group. 
A final bioassay was conducted for each of those bacteria 
that produced significant differences in hatch, larval 
establishment or total mortality in the forementioned bio-
assays on egg masses. The final bioassays were also used to 
reisolate the bacteria for confirmation of their pathogenic 
status. A combination treatment of B. cereus and Bacillus sp. 
was also included because in the original field isolations 
these bacteria were frequently isolated together from eggs 
that failed to hatch and larvae that failed to establish on 
the corn leaf tissue. The bacteria were incubated in tryptone 
glucose yeast extract broth or agar for 48 hours at 30®C. 
Egg masses were treated and incubated as in the previous 
39 
experiment. As before, control groups of egg masses were 
treated with sterile distilled water. The design of the 
experiment was a randomized complete block with four replica­
tions and ten egg masses per treatment. Data were recorded 
on the percentage hatch, percentage larval establishment on a 
meridic diet and total percentage mortality. Eggs which 
failed to hatch or larvae which failed to establish on the 
media within the jelly cups were surface sterilized and plated 
as previously described for reisolation and reidentification. 
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RESULTS AND DISCUSSION 
Isolation of Egg Masses 
Insect diseases are density-dependent mortality factors. 
Therefore, to enhance the probability of detecting diseases 
of eggs and first-instar larvae of the European corn borer, a 
high population of adults was confined in screened cages of 
field com for oviposition. Egg masses were then collected 
on the com plants in these cages and isolated for observation. 
Data were recorded for each cage on the percentage hatch of 
the egg masses and the percentage establishment of the larvae 
on the surrounding leaf tissue. Eggs that failed to hatch 
and larvae that failed to establish were cultured for the 
isolation of fungi and bacteria. 
During the 1971 and 1972 growing seasons, a total of 
1160 egg masses were collected for observation. Data for the 
percentage hatch and percentage larval establishment for 
these collections are presented in Table 2. In 1971 the per­
centage hatch of egg masses collected during the first and 
second generations was relatively high, averaging 88.5 and 
91.7 percent, respectively. Larvae from the first generation 
eggs established at a high rate, 94.7 percent, while those 
from the second generation showed a slightly lower rate, 84.8 
percent. The lower establishment during the second generation 
was attributed to eggs from cage J in which only 68.4 percent 
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TeOale 2. Percentage hatch and larval establishment on corn 
leaf tissue for field collected egg masses of the 
European corn borer 
Cage 
1^^ generation 
No. egg % % 
masses hatch estetb. 
collected 
Cage 
2^^ generation 
No. egg % % 
masses hatch estab, 
collected 
1971 
A 51 89.7 99.3 G 40 92.8 84.3 
B 45 90.6 97.6 H 49 83.4 90.5 
C 56 89.9 93.7 I 46 94.9 88.2 
D 56 92.3 94.2 J 46 93.9 68.4 
E 43 86.6 93.1 K 48 94.1 91.7 
F 58 82.2 91.2 
Mean 88.5 94.7 Mean 91.7 84.8 
1972 
L 50 35.0 78.5 R 63 83.4 71.0 
M 18 39.4 96.7 S 48 91.3 86.1 
N 52 65.6 86.9 T 44 94.5 80.6 
0 70 76.3 89.2 U 42 98.9 81.7 
P 46 74.9 97.2 V 16 100 98.7 
Q 16 97.2 97.4 
Mean 64.3 n rs 1 07 • X Mêân . O 80.6 
of the larvae established on the corn leaf tissue. 
Egg masses collected in 5 of the 6 cages during the first 
generation of 1972 showed a substantially reduced hatch. In 
particular, the percentage hatch from cages L and M averaged 
only 35.0 and 39.4 percent, respectively. Most of these eggs 
which failed to hatch appeared to develop in a normal manner 
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until just before larval hatch. At this time, the yolk within 
the eggs darkened from white to grey, and the eggs either 
failed to hatch, or the larvae that hatched moved only a few 
millimeters from the egg mass and died. The percentage larval 
establishment in cage L averaged 78.5 percent as compared to 
cage Q with 97.4 percent. Consequently, many of the egg 
masses and larvae collected during this period were cultured 
for the isolation of bacteria. Eggs collected during the 
second generation of 1972 hatched at an average rate of 91.8 
percent, and larvae from these eggs established at an average 
rate of 80.6 percent. Larval establishment was lowest from 
cage R with only 71.0 percent survival. 
Overall, the rates of hatch and establishment for these 
collections are somewhat higher than those reported by Spencer 
C1923), Stirrett (1938) and Caffrey and Worthley (1927). How­
ever, the reports by the latter authors are for hatch and 
establishment under field conditions. In this study the egg 
masses were exposed to environmental conditions until just 
before larval hatch. The eggs were then isolated, brought 
into the laboratory and were incubated at 26.7®C., 80 percent 
relative humidity and continuous light until hatch. With 
these conditions, the eggs hatched and the larvae established 
under an ideal, stress-free situation that probably accounted 
for the higher percentage hatch and establishment. Steinhaus 
(1958) reviewed the influence of stress on the development of 
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disease in insect populations. 
Observations on the fungi that developed on egg masses 
suggested that injury to the eggs enhanced the incidence and 
development of fungal infection. Therefore, a separate col­
lection was made of egg masses on which predators were feeding. 
The major predators of corn borer egg masses are the lady 
beetles, Hippodamia convergens and Coleomegilla maculata, the 
insidious flower bug, Orius insidiosus and larvae of the green 
lacewing, Chrysopa carnea (Sparks et al., 1966). Eggs were 
collected only when one of the forementioned predators was 
observed feeding on the egg mass. Uninjured eggs were col­
lected as a control. 
Data on the effect of predator feeding on the incidence 
of fungi from corn borer eggs are presented in Table 3. The 
number of egg masses collected for each group of predators 
reflects the relative abundance of these insects in Iowa corn 
fields. The percentage hatch of egg masses on which predators 
had fed was substantially reduced, averaging approximately 60 
percent, in comparison to 92.6 percent in the control. Further­
more fungi developed on 28.9, 14.9, and 13.3 percent of the 
eggs on which lady beetles, 0. insidiosus, and Chrysopa sp. 
fed, respectively, while no fungi developed on the uninjured 
eggs. The slightly higher rate of fungal infection for egg 
masses on which lady beetles fed reflects the type and degree 
of damage to the eggs caused by the feeding of these insects. 
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Table 3. Effect of predator feeding on the incidence of 
fungi isolated from European corn borer egg masses 
Predator 
No. of 
egg masses 
collected 
Percentage 
hatch 
Percentage on 
which fungi 
developed 
Lady beetle 
larvae or adults 53 65.8 28.9 
Orius insidious 
nymphs or adults 47 66.8 14.9 
Chrysopa sp. 
larvae 15 58.1 13.3 
Uninjured 42 92.6 0 
Both adults and larvae of the lady beetles have chewing mouth-
parts, while nymphs and adults of O. insidiosus and larvae of 
the green lacewing have piercing, sucking mouthparts. O. 
insidiosus and larvae of the lacewing attack individual eggs 
within the egg mass, pierce the egg chorion and suck out the 
yolk within the eggs. This type of feeding, especially with 
lacewing larvae, leaves an empty egg or eggs within the mass. 
Damage to the egg mass is minimal and does not provide a 
highly favorable area for the establishment of fungi. Con­
versely, damage to egg masses by lady beetle feeding is more 
extensive. The mass is attacked at random without reference 
to individual eggs and both the chorion and yolk are consumed. 
If the entire egg mass is not consumed, the remains of the 
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mass will contain partially eaten eggs which provide an 
excellent substrate for the establishment of fungi. 
Identification of Fungi 
A total of 34 fungal isolates were obtained from corn 
borer egg masses or first-instar larvae; the majority were 
imperfect fungi (Deuteromycetes). The most frequently 
isolated fungi were members of the genus Fusarium. Several 
species of this genus were isolated, with mycelial color and 
substrate staining that ranged from a grey-brown to yellow and 
pink. Both micro- and macroconidia were produced. The micro-
conidia were ovoid and primarily one-celled with two-celled 
spores common, but occurring less frequently. The macro­
conidia were fusiform, curved, septate and tapered to a foot 
cell. Chlamydospores were also formed by some isolates. 
Seven of the isolates were identified by L. R. Batra- mycolo­
gist, A.R.S., Beltsville, Md., as F. oxysporum. 
Alternaria was isolated from both injured and uninjured 
egg masses. It was the only fungus isolated from uninjured 
egg masses. Figure 2 shows a typical conidium of Alternaria 
within an egg of an infected egg mass. The mycelium of these 
fungi ranged from dark grey to green with a velvety appearance 
and the substrate was stained dark brown to black. The 
conidia were dark brown, muriformly septate and tapered to 
form a club. The conidia were born either singly or in chains. 
Figure 2. Conidium of Alternaria sp. within an egg of 
the European corn borer 
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Two isolates were identified by L. R. Batra as A. porri. 
Beauveria bassiana was the only imperfect isolated from 
first-instar larvae of the corn borer. On Sabouraud's 
dextrose agar the mycelium was white and fluffy with a chalky 
appearance. The conidiophores were swollen at the base and 
tapered to produce spores in characteristic zig-zag pattern. 
The conidia were hyaline, globose and single-celled. 
Fungi identified as Mucor spp. had coenocytic hyphae in 
young cultures and developed crosswalls irregularly with age. 
The mycelium formed a diffuse, rapidly spreading surface 
growth that was initially a light yellow and turned a dirty 
brown with age. The tips of the mycelia were hair-like strands 
formed by repeated branching. The sporangiophores lacked 
crosswalls and were either unbranched or simply branched, pro­
ducing spherical sporangia. After dehiscence of the sporangium 
a columella remained at the end of the sporangiophore. The 
spores were spherical to elliptical and one-celled. 
Five fungal isolates were unidentified. These produced 
septate mycelia but failed to sporulate on Sabouraud's 
dextrose agar, potato dextrose agar, Czapek's agar or nutrient 
agar. 
Yeasts were isolated in three instances from corn borer 
larvae which failed to establish on the leaf tissue. However, 
cultures of these organisms were lost before identification. 
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As recorded in Table 4, fungi were isolated primarily 
from egg masses. The most frequently isolated fungi were 
species of Fusarium, followed by Mucor and Alternaria, 
respectively. Christensen and Schneider (1950) reported that 
these fungi were also the most prevalent on corn with fungal 
infected internodes and from corn borer larvae associated 
with these infections. In general, eggs of the corn borer 
are relatively resistant to invasion by fungi, and, as pre­
viously noted, infection was most often associated with 
predator injury to the egg mass. Steinhaus (1963a) reported 
that several of the less pathogenic imperfect fungi depend on 
wounds to enhance their ability to infect insects. A. porri, 
which has not previously been reported as pathogenic to 
insects, was the only fungus isolated from uninjured egg 
masses. Fusarium spp. are rather common insect pathogens and 
have been reported from 28 species of insects (Baird, 1958). 
In most cases it is only moderately pathogenic. Fusarium has 
also been reported growing on eggs of the desert locust, 
Shistocerca gregaria (Steinhaus, 1963a). Grasshoppers are 
also the principle hosts of Mucor spp. (Baird, 1958). 
The only fungi isolated from larvae of the com borer 
were B. bassiana and an unidentified yeast. B. bassiana was 
isolated in a single case and yeasts were isolated in three 
cases from corn borer larvae. Brooks and Raun (1965) reported 
nine species of fungi from diseased corn borer larvae. 
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Table 4. Fungi isolated from egg masses and larvae of the 
European corn borer 
Fungus Frequency of isolation 
Egg masses Larvae 
Deuteromycetes 
Alternaria porri 
Alternaria spp. 
Fusarium oxysporum 
Fusarium spp. 
Beauveria bassiana 
Phycomycetes 
Mucor spp. 
Saccharomycetaceae 
Unidentified 
2 
3 
7 
7 
0 
6 
0 
5 
0 
0 
0 
0 
1 
0 
3 
0 
Fungal Bioassay 
An cinalysis of variance for the percentage hatch of egg 
masses topically treated with fungi is presented in Table 5. 
Both injured and uninjured egg masses were included in the 
bioassay to ascertain the influence of injury on the virulence 
of the fungi. A significant difference at the 99 percent level 
was noted between the fungi. Differences in the percentage 
hatch due to injury of the egg mass was significant at the 95 
percent level. Me ems for these data are presented in Table 12 
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Table 5. Analysis of 
egg masses 
variance 
topically 
for the percentage 
treated with fungi 
hatch of 
Source of variance df Percent hatch^ 
Ms Significance 
Blocks 3 234.67 
b 
1.52 ns 
Fungi 31 475.33 3.09** 
Error A 93 153.48 
Injured vb uninjured 1 380.49 5.77* 
Interaction 31 71.52 1.08 ns 
Error B 96 65.93 
Total 255 
^Data transformed to arcsin /% for analysis. 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
** 
Significant at the 99% level of probability. 
of the appendix. Significant reductions in the percentage 
hatch were obtained with A. porri (Lb70E and Lb35E), Alternaria 
sp. (Lb41E) and Mucor sp. (OrllE). All fungi which signifi­
cantly reduced hatch were isolated from egg masses damaged by 
insect predators. Three of these fungi, as indicated by the 
prefix Lb/ were from egg masses damaged by lady beetles, and 
the remaining fungus, OrllE, from an egg mass damaged by 0. 
insidiosus. A. porri showed the highest level of patho­
genicity with an average hatch of 31.7 and 40.5 percent as 
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compared to 89.0 percent for the control. Injury did not 
influence the rate of hatch with this fungus. Egg masses 
treated with A. porri in many instances failed to hatch or 
only partially hatched. In these cases, the eggs took on a 
pink to rose color within 48 hours after application of the 
fungus and the developing embryo died without hatching. A. 
porri could be reisolated from these egg masses in approxi­
mately 50 percent of the attempts. The remaining fungi which 
reduced hatch could be reisolated in less than 10 percent of 
the attempts. 
Mucor sp. was only moderately pathogenic to eggs of the 
corn borer and may be an opportunistic pathogen. Two isolates 
of Mucor, OrllE and P41E, significantly reduced the hatch of 
injured egg masses over that obtained with uninjured masses. 
Isolate OrSlE, an unidentified fungus, also showed a signifi­
cant reduction in hatch when the egg mass was injured. These 
fungi apparently lack the ability to invade an uninjured egg 
mass, but once established on injured eggs may exert an effect 
on the remainder of the egg mass and thus reduce the per­
centage hatch. 
B. bassiana is highly pathogenic to corn borer larvae 
(York, 1958; Smith, 1961? Brooks and Raun, 1965) and will also 
infect adults (Smith, 1961). Bioassays of B. bassiana on egg 
masses of the borer showed a nonsignificant reduction in 
hatch on either injured or uninjured masses. Larvae hatching 
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from these eggs, however, showed an 80 percent mortality by 
the third larval stadium. Smith (1961) reported a 29.5 per­
cent reduction in hatch for eggs treated with B. bassiana. 
Identification of Bacteria 
A total of 221 bacterial cultures were isolated from egg 
masses or first-instar larvae of the corn borer. The taxonomic 
groups represented and their frequency of occurrence are pre­
sented in Table 6. Thirty-six of the isolates were members of 
the Enterobacteriaceae, that is, they were gram-negative, 
oxidase-negative, catalase-positive, fermentative rods. 
Properties of each isolate belonging to this family are pre­
sented in Table 13. Bacteria identified as Erwinia herbicola 
were usually motile and possessed a yellow pigment when grown 
on nutrient agar. They fermented glucose,, sucrose, mannitol 
and with one exception, salacin; lactose and inositol were 
utilized by some isolates while adonitol, with one exception, 
and dulcitol were not utilized at all. These reactions dif­
fered from most Enterobacteriaceae in that gas was not 
produced from any of the fermentable carbohydrates. Other 
reactions for this species were: positive reactions for 
acetylmethylcarbinol production (V.P., acetoin) and gelatin 
liquefaction; negative reactions for the methyl red test (M.R.; 
with one exception), hydrogen sulfide, urease and decarbo­
xylase production, and growth in the presence of KCN; 
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Table 6. Frequency of occurrence of bacteria isolated from 
egg masses and larvae of the European com borer 
bacterid 
No. (%) No. {%) 
Ente rob acte ri ace ae 14 (6. 4) 22 (10. 1) 
E. herbicola 9 (4. 1) 9 (4. 1) 
E. cloacae 1 (0. 5) 6 (2. 7) 
E. liquefaciens 0 ' 1 (0. 5) 
Enterobacter sp. 0 1 (0. 5) 
S. marcescens 3 (1. 3) 4 (1. 8) 
K. pneumoniae 0 1 (0. 5) 
unidentified 1 (0. 5) 0 
Pseudomonadaceae 6 (2. 7) 14 (6. 3) 
Pseudoroonas spp. 
unidentified 1 
1 (0. 5) 11 (5. 0) 
2 . (0. 9) 3 (1. 3) 
unidentified 2 3 (1. 3) 0 
Neisseriaceae 5 (2. 3) 9 (4. 1) 
Acinetobacter spp. 5 (2. 3) 9 (4. 1) 
Micrococcaceae 0 1 (0, ,5) 
M. luteus 0 1 (0, ,5) 
Streptococcaceae 0 6 (2. 7) 
S. faecalis 0 5 (2. 7) 
Streptococcus sp. 0 1 (0. 5) 
Bacillaceae 58 (26. 1) 28 (12. 7) 
B. thuringiensis 
.9) var. kurstaki 3 (1. 3) 2 (0, 
B. cereus 18 (8. 1) 15 (6, .8) 
Bacillus sp. 37 (16, .7) 11 (5. 0) 
Unidentified gram-positive 
rods 39 (17. 6) 11 (5 .0) 
Group 1 10 (4 ,5) 2 (0 = 9) 
Group 2 4 (1 .8) 1 (0 .5) 
Group 3 6 (2 .7) 2 (0 .9) 
Group 4 19 (8 .6) 6 (2 .7) 
Isolates lost 5 (2 .3) 3 (1 .3) 
Total 127 (57 .5) 94 (42 .5) 
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different reactions for different isolates were recorded for 
nitrate reduction, use of sodium citrate as a carbon source, 
production of indole and deamination of phenylalanine. 
Members of the genus Enterobacter fermented glucose, 
lactose (with one exception), mannitol and salicin with the 
production of gas. Sucrose was utilized by two-thirds of the 
isolates and dulcitol, adonitol and inositol were utilized 
only occasionally. These bacteria also reduced nitrates to 
nitrites, grew in the presence of KCN or with sodium citrate 
as a source of carbon and liquefied gelatin. In most cases 
urease, hydrogen sulfide, indole and phenylalanine deaminase 
were not produced. E. cloacae and E. liquefaciens were dif­
ferentiated by their decarboxylase reactions, carbohydrate 
utilization and M.R.-V.P. reactions: E. cloacae was lysine-
negative, ornithine- and arginine-positive, fermented most 
carbohydrates, including lactose, with the production of gas, 
and was M.R.-negative and V.P.-positive; E. liquefaciens 
decarboxylated lysine and ornithine, but not arginine, did 
not utilize lactose, failed to produce gas on carbohydrates 
that were fermented, and was M.R.-positive and V.P.-negative. 
Isolate 41-1-1 probably was an Enterobacter, but it could not 
be identified to species. 
Seven isolates of the Enterobacteriaceae failed to 
utilize lactose and produced only small quantities of gas from 
glucose. These bacteria were identified as Serratia 
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marcescens. They produced acetylmethylcarbinol, lysine 
decarboxylase and arginine dihydrolase, reduced nitrates, 
rapidly liquefied gelatin and grew in the presence of KCN or 
with sodium citrate as a carbon source. Negative reactions 
were recorded for the M.R. test and for production of indole, 
hydrogen sulfide, urease and phenylalanine deaminase. E. 
liquefaciens has many characteristics similar to this genus. 
Ewing et al. (1973) suggested that E. liquefaciens be re­
classified as S. liquefaciens because of this close affinity. 
Klebsiella pneumoniae was identified by its lack of 
motility, production of urease and lysine decarboxylase, 
utilization of sodium citrate and malonate, and its negative 
M.R., positive V.P. reactions. This bacterium was represented 
by a single isolate which rapidly fermented all carbohydrates 
tested with the production of large volumes of gas. Other 
reactions for this bacterium are given in Table 13. 
Isolate P4IE-1-2 probably belonged in the Enterobacteria-
ceae; however, it could not be placed in a genus. The isolate 
fermented glucose, lactose, mannitol, dulcitol, salicin and 
adonitol with gas production, but failed to use lactose and 
inositol. The M.R. test; reduction of nitrates,- production 
of indole and urease, utilization of malonate and growth in 
KCN all gave positive reactions. Hydrogen sulfide, acetoin, 
phenylalanine deaminase and decarboxylase enzymes were not 
produced. Negative results were also obtained for liquefaction 
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of gelatin and growth in Simmon's citrate. 
Properties of the Pseudomonadaceae isolated from egg 
masses and larvae are presented in Table 14. Bacteria 
belonging to this family were gram-negative, catalase-positive 
and oxidase-positive. Twelve isolates were identified as 
Pseudomonas spp. These bacteria oxidized glucose with the 
production of acid and failed to use lactose; one-fourth of 
the isolates used sucrose and one-half used mannitol. Tests 
for indole and acetylmethylcarbinol production and the M.R. 
test were negative. Nitrate reduction was variable between 
isolates and five of the isolates produced a yellow-green 
fluorescent pigment when viewed under ultraviolet light. 
Five isolates produced a yellow pigment that was in­
soluble in water and gave a very weak cytochrome oxidase test. 
They also displayed a respiratory metabolism, oxidizing 
glucose, lactose and sucrose while failing to utilize mannitol, 
dulcitol, inositol, salicin and adonitol. Negative results 
were obtained for the M.R.-V.P. tests, indole production and 
nitrate reduction. In general, these results fit the descrip­
tion of the genus Xanthomonas. However, as discussed in 
Sergey's Manual (Buchanan and Gibbons# 1974), differentiating 
Xanthomonas from Pseudomonas is often extremely difficult and 
requires special tests. Therefore, the bacteria are listed as 
unidentified members of the Pseudomonadaceae. 
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Isolates A30E-1-1, BllE-1-1 and C26E-1-1 gave inter­
mediate results between the two above groups and were 
unidentified. They produced acid in glucose emd mannitol, 
gave a strong, positive oxidase reaction and produced a yellow 
pigment that was soluble in water. Indole production, nitrate 
reduction, M.R. and V.P. tests were all negative. 
The gram-negative coccobacilli isolated from corn borer 
egg masses and larvae were identified as Acinetobacter spp. 
In nutrient broth these bacteria were short, plump rods during 
the exponential phase of their growth, but assumed a 
diplococcus form in the stationary phase. The properties of 
these bacteria are given in Table 15. Catalase was produced 
and citrate was utilized by all of the isolates. Carbohydrate 
utilization was limited with only glucose and lactose oxidized 
by the majority of isolates. Negative results were obtained 
for nitrate reduction and hydrogen sulfide, indole, oxidase 
and acetoin production. Three of the 14 isolates produced 
enough acid in M.R.-V.P. medium to give a weak, positive 
methyl red reaction. Sergey's Manual (Buchanan, Gibbons, 
1974) lists a single species for this genus, A. calcoaceticus, 
which lacks flagella. The majority of the isolates from the 
corn borer were actively motile and significant differences 
were not detected between motile and nonmotile isolates. 
Therefore, these bacteria were not identified to species. 
Table 16 presents the properties of the gram-positive 
cocci. Streptococci were isolated from dead larvae which either 
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failed to establish on the corn leaf tissue or were collected 
on com plants in the field. Five of the six isolates of 
streptococci were identified as Streptococcus faecalis. These 
bacteria occurred as either single cocci or in chains of 
cocci with cell division in a single plane. They fermented 
glucose, lactose and sucrose without the production of gas, 
grew in 2 and 6.5 percent NaCl broth and at 10° and 45®C. in 
nutrient broth and gave a positive M.R. reaction. Indole, 
acetoin, oxidase and catalase were not produced. Hemolysis 
of defibrinated sheep blood was weak and delayed; a light 
green zone was produced around isolated colonies. Isolate 
I17L-1-4, which differed from the rest of the isolates in 
several properties, was not identified to species. 
The single micrococcus isolate was identified as 
Micrococcus luteus. Bright yellow chromogenesis was produced 
on nutrient agar and cells were arranged in tetrads, with 
division in two planes. Positive results were obtained for 
the oxidase test, catalase test, growth in 2.0, 6.5 and 10 
percent NaCl broth and at 10® and 45®C. in nutrient broth M. 
luteus failed to produce acid from carbohydrates, reduce 
nitrates or produce indole or acetoin. 
The properties of isolates belonging to the Bacillaceae 
are presented in Table 17. B. cereus and B. thuringiensis 
were very similar to each other physiologically; they were 
separated on the production of a crystalline parasporal body. 
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the 6-endotoxin, by B. thuringiensis during sporulation. They 
fermented glucose and sucrose, produced nitrites from nitrates, 
liquefied gelatin and gave positive M.R., V.P., catalase and 
oxidase tests. Lactose was not utilized by any of the isolates 
and only three (weakly) fermentated mannitol. Sodium citrate 
utilization, indole production and, for most isolates, hydro­
gen sulfide production were negative. The B. thuringiensis 
isolates were identified as the variety kurstaki by Dr. H. 
deBarjac of the Institute Pasteur. 
As unidentified species of Bacillus was frequently 
encountered. This bacterium was isolated most often from egg 
masses and larvae collected during the first generation of 
1972. As previously mentioned, a high percentage of these 
egg masses failed to hatch. Properties of these bacteria are 
also presented in Table 17. Spore formation was quite erratic 
on nutrient agar, tryptic soy agar or tryptone glucose extract 
agar, but was more consistent on Schaeffer's agar (Yoshikawa, 
1965). The spores did not swell the sporangium and measured 
approximately 1.0 ym. by 2.0 um. Biochemically, these 
bacteria were very unreactive; they had a limited ability to 
produce acid in carbohydrate media with only an occasional 
weak oxidation or fermentation of glucose or lactose; they 
did not produce hydrogen sulfide, indole or acetylmethyl-
carbinol and only occasionally reduced nitrates or gave a 
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weak positive M.R. test. Positive results were recorded for 
the liquefaction of gelatin, hydrolysis of starch and produc­
tion of catalase and oxidase. 
Four groups of unidentified, nonsporeforming, gram-
positive rods were isolated (Table 19). These bacteria failed 
to show pleoitiorphism in tryptic soy broth or a palisade 
arrangement of cells on nutrient agar. Group 1 consisted of 
short, actively motile rods which produced gelatinous, 
irregular to rhizoid, rapidly spreading colonies on nutrient 
agar. They oxidized glucose, lactose, sucrose and mannitol, 
reduced nitrates, liquefied gelatin and produced acetylmethyl-
carbinol and catalase. Hydrogen sulfide, indole, cellulase, 
oxidase and M.R. tests were negative. 
Group 2 of the unidentified gram-positive bacteria were 
similar to group 1 in several respects. They were motile rods 
which produced gelatinous colonies, liquefied gelatin, reduced 
nitrates and gave positive catalase and negative oxidase 
reactions. Group 2 differed from group 1 in that the colonies 
on nutrient agar were circular, convex and did not grow as 
rapidly, lactose was not utilized, hydrogen sulfide was pro­
duced and a weakly-positive M.R. test w^as produced. 
Bacteria in group 3 were nonmotile and formed light pink 
to orange colonies on nutrient agar. They were similar in 
many characteristics to the plant corynebacteria; catalase 
and oxidase were produced and gelatin was slowly liquefied. 
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while tests for hydrogen sulfide, indole, nitrate reduction, 
M.R., V.P. and digestion of cellulose were negative. 
Growth characteristics of Group 4 were similar to the 
description for the Propionibacteriaceae in that they grew 
exceedingly slow on nutrient agar and required a heavy 
inoculum. Colony size averaged l-2mm. after 48 hours on 
nutrient agar at 32°C. Catalase, oxidase and acetylmethyl-
carbinol were produced and gelatin was liquefied. Negative 
reactions were recorded for hydrogen sulfide and indole 
production, nitrate reduction, cellulose digestion and for 
the M.R. tests. These bacteria differed from the propioni-
bacteria, however, by oxidizing rather than fermenting 
carbohydrates. 
The frequency of occurrence of the different bacteria is 
presented in Table 6. Of the bacteria isolated, 57.5 percent 
were isolated from egg masses and 42.5 percent from larvae. 
Gram-positive rods constituted 71 percent of the isolations 
from egg masses but only 37 percent of the isolations from 
larvae. The most frequently isolated bacteria were Bacillus 
spp. (38.8 percent) probably because of their spore forming 
ability which allowed them to withstand adverse conditionsc 
Gram-positive, nonsporeforming rods were also frequently 
isolated (22.6 percent), as were members of the Entero-
bacteriaceae (16.5 percent). 
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The majority of the bacteria isolated from larvae of the 
corn borer have been reported from healthy or diseased insects 
of other species (see Table 1). Raun and Brooks (1963) 
isolated E. aerogenes, Enterobacter sp., S. marcescens/ S. 
faecalis and Achromobacter sp. (possibly Acinetobacter sp. in 
the eighth edition of Sergey's) from diseased or dead corn 
insects, including the corn borer. On the other hand, few 
bacteria have been reported from the eggs of insects. P. 
aeruginosa was reported from eggs of the European corn borer 
(Steinhaus/ 1962) and the grasshopper Locustana pardalina 
(Prinsloo, 1961). S. marcescens was isolated from eggs of the 
com earworm (Bell, 1969) and the Mediterranean fruit fly 
(Moore and Nadel, 1961). The remaining bacteria from corn 
borer egg masses represent the first report of these bacteria 
from insect eggs. Moreover, B. thuringiensis is a widely 
known pathogen of lepidopterous larvae and infects over 137 
species of insects (Heimpel, 1967). This bacterium is 
virulent during the larval stage of its host, but has also 
been reported to produce a septicemia in prepupae sind pupae of 
the forest tent caterpillar (Angus, 1965) and the pink boll-
worm (Klein and Lewis, 1966). From the 1160 egg masses 
collected and observed in this study, B. thuringiensis var. 
kurstaki was isolated three different times. 
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Bacterial Bioassays 
Two types of preliminary bioassays were conducted with 
the bacteria isolated in this study. First, bacteria were 
assayed against neonate larvae by rehydrating lyophilized 
rearing medium with broth cultures of the bacteria. Second, 
the bacteria were assayed on egg masses by topically treating 
the eggs. Data were recorded for percentage larval mortality 
in the first bioassay, and for percentage hatch, percentage 
establishment (on a wheat germ diet) and total percentage 
mortality in the second bioassay. Table 7 presents a summary 
of the statistical analyses of these bioassays. Analyses of 
variance for the individual bioassays and means with statisti­
cal differences are presented in Tables 19-63. 
Only B. thuringiensis var. kurstaki (henceforth B.t. 
var, kurstaki) and B. cereus significantly increased mortality 
2li the necnate larval bioassays (Table *7 ) • nlthough bzoassays 
of the Enterobacteriaceae (Tables 19, 20), Pseudomonadaceae 
(Tables 24, 25), Acinetobacter spp. (Tables 29, 30), 
streptococci (Tables 34, 35), Bacillus sp. (Tables 44, 45), 
and the unidentified gram-positive rods often reduced larval 
survival, they were not significantly different from the 
control. The analysis of variance of the larval bioassay 
against B.t. var. kurstaki and B. cereus is presented in Table 
39. Larval mortalities for the B.t. var. kurstaki treatments 
ranged from a mean-of 98.1 to 100 percent while those for 
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Table 7. Summary of significances for bacterial bioassays 
against the European corn borer 
Bacteria 
Neonate larval 
bioassay Egg mass bioassay 
% 
mortality 
% 
hatch 
% 
estab. 
% 
mort. 
En te r ob ac te r i ace ae ns^ * ns ns 
P s e udomonadaceae ns ns ns ns 
Acinetobacter spp. ns ns * ns 
Streptococcus spp. 
and M. luteus ns ns * ns 
B.t. var. kurstaki 
and B. cereus ** ns ** ** 
Bacillus sp. ns * ** ** 
Unidentified, gram-
positive bacteria 
Group 1 ns ns ns ns 
Group 2 ns ns ns ns 
Groups 3 and 4 ns ns ns ns 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
* * 
Significant at the 99% level of probability. 
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B. cereus ranged from 2.9 to 42.2 percent as compared to 13.7 
for the control. Only the five isolates of B.t. var. kursteJci 
were significantly different from the control in the neonate 
larval bioassay. 
In the egg mass bioassays, significant differences were 
noted in the percentage egg hatch, percentage larval establish­
ment cind total percentage mortality (Table 7). There were 
statistical differences in the percentage hatch at the 95 per­
cent level in the bioassays of the Enterobacteriaceae (Table 
IS) and Bacillus sp. (Table 44). The percentage hatch for 
the Enterobacteriaceae ranged from 93.0 to 73.8 percent as 
compared to 92.7 percent for the control (Table 21). Three 
isolates, lL-2-2 (E. herbicola), I33L-1-2 and C63D-1-1 (E. 
cloacae) reduced the percentage hatch when compared to the 
control. The mean percentage hatch was 74.6 for E. herbicola 
isolate lL-2-2 and 74.1 and 73.8 percent for E. cloacae 
isolates I33L-1-2 and C63D-1-1, respectively. 
Egg masses treated with Bacillus sp. showed an even 
greater reduction in the percentage of hatched eggs (Table 
46) . The mean percentage hatch for eggs treated with these 
bacteria ranged from 63.2 to 85.4 percent and were all lower 
than the control (93.9 percent). Twenty-two of the 46 isolates 
of Bacillus sp. were significantly different from the control. 
Significantly fewer larvae established after hatching 
from treated egg masses in four of the preliminary bioassays 
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« 
(Table 7). Statistical differences at the 99 percent level of 
probability were recorded in the B.t. var. kurstaki - B. 
cereus (Table 39) and Bacillus sp. bioassays (Table 44), and 
differences at the 95 percent level were recorded in the 
Acinetobacter spp. (Table 29) and streptocci-micrococci bio­
assays (Table 34). B.t. var. kurstaki reduced larval 
establishment to less than five percent in each of the five 
treatments and all were significantly different from the con­
trol. Larval establishment for the B. cereus treatments was 
highly variable (Table 39), ranging from 32.4 to 95.9 percent 
in comparison to 95.8 percent for the control. Only one 
isolate of B. cereus, 030L-1-1, was statistically different 
from the control. Considerable unexplained variation was 
also recorded, however, between replications of this isolate. 
Isolate 030L-1-1 yielded 97.3 and 100 percent mortality in 
the first two replications, but only 5.1 percent in the third 
replication. Six isolates of Bacillus sp. reduced larval 
establishment significantly with a mean of from 61.4 to 74.7 
percent (Table 47). Larval establishment for the Acinetobacter 
spp. bioassay was only slightly lower than the control (Table 
32), but two of the isolates were different from the control 
with 80.4 and 80.9 percent establishment. Significant dif­
ferences in larval establishment were also noted in the 
analysis of variance of the streptococci and micrococci, but 
none of the isolates were different from the control using' 
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Dunnett's procedure (Steel and Torrie, 1960) for comparing 
treatment means. 
The total mortality resulting from the application of 
bacteria on egg masses, that is the mortality of both eggs 
that did not hatch and larvae that did not establish on the 
diet, was also analyzed. Only the gram-positive sporeformers 
were significant in total mortality (Table 7). Twenty-four 
isolates of Bacillus sp. (Table 48), two isolates of B. cereus 
and all five isolates of B.t. var. kurstaki (Table 43) were 
significantly different from the control. Of the Bacillus sp. 
isolates that significantly increased total mortality, 14 
reduced egg hatch, two reduced larval establishment and four 
were significant in both categories. An additional four iso­
lates of Bacillus sp. differed significantly from the control 
in total mortality, but were not significant in larval 
establishment or egg hatch. The same was also true for 
isolate N16E-1-2 of B. cereus. 
The analysis of variance for total mortality contradicted 
the previous significances for the Enterobacteriaceae and 
Acinetobacter spp. Three isolates of the Ente rob acte riaceae 
had significantly reduced egg hatch and two isolates of 
Acinetobacter spp. had significantly reduced larval establish­
ment. These bacteria caused a nonsignificant increase, 
however, in total mortality. Generally, data for egg masses 
are more variable than data for later instar larvae. 
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These inconsistencies are probably due to this variability. 
In any case, the pathogenicity of the Ente rob acteriaceae and 
Acinetobacter spp. must be considered dubious. 
The crystalliferous B»t. var. kurstaki produced almost 
total mortality in both the neonate larval and egg mass 
bioassays, as expected. The effect of B.t. var. kurstaki was 
expressed only in the larval stage; no significant differences 
were detected in the percentage hatch. Sutter and Raun (1967) 
described the histopathology of B. thuringiensis var. 
thuringiensis fed to corn borer larvae. Ingestion of the 
crystalline endotoxin disrupts the midgut epithelium causing 
a gut paralysis and sloughing of the epithelial cells. B.t. 
var. thuringiensis spores germinate and the vegetative rods 
penetrate the basement membrane producing a fatal septicemia. 
Both spores and crystals were necessary for mortality (Sutter 
and Raun- 1966). The action of the endotoxin on the midgut 
is very rapid. Fast and Videnova (1974) reported that com­
ponents of the ô-endotoxin of B.t. var. kurstaki enter the 
hemolynç)h in one to five minutes after ingestion by Bombyx 
mori, M. disstria or C. fumiferana. The kurstaki variety of 
B. thuringiensis is one of the most toxic to several lepi-
dopterous insects (Dulmage, 1970). 
B. cereus has been isolated from over 30 species of 
insects and ranges in virulence from nonpathogenic to extremely 
pathogenic (Steinhaus, 1963a). McConnell and Cutkomp (1954) 
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reported that a very low mortality for first-instar larvae 
of the corn borer was obtained when the larvae were fed B. 
cereus. Bioassays of 32 isolates of B. cereus against neonate 
larvae of the corn borer in this study substantiate this 
report. Two isolates of B. cereus applied topically to egg 
masses, however, caused an increase in total mortality. This 
difference might result from early ingestion of the bacteria 
during larval hatch or the ingestion of abrasive egg chorion 
with the bacteria. Insects are protected by an outer covering 
of chitin. Chitin also lines the foregut and hindgut pro­
tecting the digestive system from abrasion and invasion by 
microorganisms. The first-instar cuticle is formed before 
larval hatch (Chapman, 1969). However, the cuticle remains 
relatively soft and fragile until after the larva hatches and 
the cuticle has time to mature. Bacteria ingested during 
hatching may have a greater influence before the cuticle 
matures and the cuticular lining of the foregut or peritrophic 
membrane are functional than if they were ingested later in the 
life cycle. Secondly, the larva chews through the egg chorion 
while hatching. The chorion that is ingested may act as an 
abrasive that allows entry of adventitious bacteria into the 
hemocoel. Bucher and Stephens (1959c) reported that death in 
grasshoppers often resulted from the ingestion of abrasive 
material that weakened the midgut and allowed the entry of 
pathogenic bacteria. 
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B. cereus had also been shown to produce an enzyme 
pathogenic to certain insects. Heimpel (1955) reported that 
stains of B. cereus that produced phospholipase C (lecithinase 
C) were highly pathogenic to the larch sawfly. Pathogenicity 
to other insects, however, was shown to depend on the pH of 
the insects gut; insects resistant to the action of phos­
pholipase C had a more alkaline midgut than was optimum for 
the enzyme. Phospholipase C production was also highly 
variable, both between strains and within certain strains. 
Variability in the pathogenicity of B. cereus to insects, 
noted by other workers, was also observed in the present 
experiments on corn borer larvae (Table 42). The bioassay of 
each B. cereus isolate was replicated by inoculating three 
separate agar slants from an isolated colony of the bacterium 
grown on nutrient agar. Pathogenicity to corn borer larvae 
ranged from no appreciable effect to total mortality, both 
between isolates and between replication of the same isolate. 
As with the strains of B. cereus reported by Heimpel (1955), 
the toxic factor(s) varied both between and within isolates 
of B. cereus. 
Host research on isolation and pathogenicity of bacteria 
for insects has been on the larval stage of the insect. Very 
few reports are present on the bacteria from egg masses, and 
none of these present bioassay data for this stage. Bell 
(1969) isolated marcescens from eggs of the com earworm. 
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but reported an 80 to 95 percent mortality for larvae of the 
cabbage looper. Although S. marcescens did not cause signifi­
cant mortalities of eggs or larvae in this study, this 
bacterium had been reported from 50 species of insects, almost 
40 of which are susceptible when the bacteria are ingested 
with food (Steinhaus, 1963a). Species of Pseudomonas and S. 
faecalis have also been reported pathogenic to insects 
(reviewed in Steinhaus, 1963a; Bucher, 1960). Doane and Redys 
(1970) described a motile strain of S. faecalis that was 
extremely pathogenic to larvae of the gypsy moth. Raun and 
Brooks (1963) isolated E. aerogenes, faecalis, Achromobacter 
sp. (possibly Acinetobacter sp.), P. boreopolis and S. 
marcescens from Iowa corn insects. Mortalities of 60 and 80 
percent were reported when S^. faecalis and P, boreopolis were 
fed to European corn borer larvae. Many of these bacteria, or 
related bacteria, were isolated in the present study, but 
failed to significantly increase mortalities of eggs or larvae 
of the borer. 
A final egg mass bioassay was conducted to confirm, 
reisolate and further delineate the status of potential 
bacterial pathogens. Only bacteria that were statistically 
different from the control in the previous bioassays were 
tested. The bacteria included were: five isolates of B.t. 
var. kurstaki that significantly reduced larval establishment; 
two isolates of B. cereus that increased total mortality; 
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four of the Bacillus sp. isolates that decreased egg hatch, 
larval survival or both; two isolates of E. cloacae and one of 
E. herbicola that reduced egg hatch; and two isolates of 
Acinetobacter spp. that reduced larval establishment. Two 
combination treatments, B. cereus plus Bacillus sp., were also 
tested since these two bacteria were frequently isolated 
together from unhatched egg masses. 
The analysis of variance for this bioassay is presented 
in Table 8. Differences in the percentage hatch, percentage 
larval establishment and total percentage mortality were all 
significant at the 99 percent level of probability. The mean 
percentage hatch (Table 9) and larval establishment (Table 10) 
were higher them in previous bioassays. Most treatments, how­
ever, increased total mortality in comparison to the control 
(Table 11). In the analysis for total mortality, however, 
only the B.t. var. kurstaki and two of the Bacillus sp. 
treatments significantly increased mortality over the control. 
As in previous experiments, B.t. var. kurstaki gave almost 
total mortality, 97.7 to 100 percent, and was active during 
the larval stage, significantly reducing larval establishment. 
B. tiiurxngi.eïtSi.5 was reawi^y rezso^ate^ xn essentially purs 
culture from larvae that failed to establish. Bacillus sp., 
on the other hand, exerted its influence on egg masses, 
reducing egg hatch by almost 20 percent for isolate L15E-1-2. 
Bacillus sp. was reisolated and identified from almost 50 
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Table 8. Analysis of variance for pathogenicity of B.t. var. 
kurstaki, B. cereus, Bacillus sp., E. cloacae» E. 
herbicoTa and Acinetobacter spp. when topically 
applied on egg masses 
Analysis^ df ms F 
Percentage hatch 54 24. 22 3.82** 
Percentage establishment 54 23. 44 209.68** 
Total percent mortality 54 30. 63 128.21** 
^Data transformed to arcsin for analysis. 
** 
Significant at the 99% level of probability. 
percent of the egg masses checked. Apparently, this species 
of Bacillus has a limited ability to invade eggs of the corn 
borer, but can reduce egg mass hatch through the production of 
of the egg masses. B. cereus, Acinetobacter spp. and the 
Enterobacteriaceae did not significantly influence egg hatch 
or larval survival and could not be reisolated. B. cereus and 
Bacillus sp. in combination gave intermediate results when 
compared to individual treatments with these bacteria. 
Bucher (1960) classified the entomogenous bacteria into 
four classes, obligate pathogens, crystalliferous sporeformers, 
facultative pathogens and potential pathogens. Members of at 
least two of these classes were isolated from both egg masses 
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Table 9. Percentage hatch of egg masses topically treated 
with potentially pathogenic bacteria 
Bacterium 
isolation no. Replication b 
I II Ill IV Mean" 
B.t. var. kurstaki 
JUL-3-1 96.3 92.5 95.4 97.9 97.9a 
18E-1-1 98.1 91.7 95.8 97.1 97.1a 
4L—1—2 95.3 94.2 90.2 96.6 94.1a 
R23E-1-1 94.8 90.7 95.7 93.9 93.9a 
L E-1-1 95.1 96.2 92.3 93.1 93.1a 
B. cereus 
N16E-1-2 94.7 96.0 99.0 98.2 97.0a 
030L-1-1 95.8 93.7 98.9 97.2 96.4a 
Bacillus sp. 
L24L-1-2 94.6 92.0 85.4 84.3 89.1a 
L14E-1-2 87.9 87.3 73.6 94.9 85.9b 
L7E-1-3 94.7 78.2 70.0 94.2 84.3b 
L15E-1-2 90.7 65.4 70.8 84.1 77.8b 
B. cereus + Bacillus sp. 
030L-1-1+L7E-1-3 98.3 81.4 90.1 98.9 92.2a 
N16E-1-2+L15E-1-2 97.6 87.6 88.8 94.5 92.1a 
E. cloacae 
C63D-1-1 92.4 98.0 96.5 98.4 96.3a 
I33L-1-2 90,6 87.8 83.7 96.3 89.6a 
E. herbicola 
IL-2-2 91.6 90.4 88.9 100 92.7a 
Acinetobacter spp. 
E48D-1-1 93.6 95.7 95.5 99.2 96.0a 
lL-4—1 100 97.1 91.0 93.8 95.5a 
Control 96.6 93.5 . 95.7 98.4 96.1a 
^Data transformed to arcsin /¥ for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying 
Dunnett's procedure for comparing all treatments with the 
control. 
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Table 10. Percentage larval establishment on a meridic diet 
after hatching from egg masses treated with 
potentially pathogenic bacteria 
Bacterium Percentage establishment^ 
isolation no. Replication Mean 
I II III IV 
B.t. var. kurstaki 
JUL-3-1 
L E-1-1 
R23E-1-1 
18E-1-1 
4L-1-2 
0 
0 
0 
3.8 
10.9 
0 
0 
0 
1.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 b 
0 b 
0 b 
1.3b 
2.7b 
B. cereus 
N16E-1-2 
030L-1-1 
96.3 
93.0 
97.9 
93.2 
100 
97.8 
93.6 
98.1 
97.0a 
95.5a 
Bacillus sp. 
L24L-1-1 
L7E-1-3 
L15E-1-2 
L14E-1-2 
99.0 
98.9 
96.3 
97.1 
91.3 
94.1 
98.5 
94.8 
97.7 
98.2 
94.7 
96.2 
97.8 
94.2 
94.7 
94.9 
96.5a 
96.4a 
96.1a 
95.8a 
B. cereus + Bacillus sp, 
030L-1-1+L7E-1-3 
N16E-1-2+L15E-1-2 
94.8 96.4 98.8 97.8 97.0a 
97.5 100 91.1 98.3 96.7a 
E. cloacae 
I33L-1-2 
C63D-1-1 
92.5 97.2 98.7 97.1 96.4a 
93.8 98.0 98.2 81.1 92.8a 
E. neroicoia 
lL-2-2 95.4 95.3 92.7 98.2 95.4a 
Acinetobacter spp, 
E48D-1-1 
lL-4-1 
98.1 
94.8 
94.4 
88.2 
98.8 
97.8 
99.2 
86.7 
97.6a 
91.9a 
Control 97.4 96.0 99.1 97.5 97.5a 
^Data transformed to arcsin for analysis. 
^Means not followed by the same letter are significantly 
different at the 95% level of probability when applying 
Dunnett's procedure for comparing all treatments with the 
control. 
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Table 11. Total percentage mortality from egg masses topically 
treated with potentially pathogenic bacteria 
Bacterium 
isolation no. 
Total mortality' 
Replication 
II III IV Mean 
B.t. var. kurstaki 
JUL-3-1 100 100 100 100 100 a 
L E-1-1 100 100 100 100 100 a 
R23E-1-1 100 100 100 100 100 a 
18E-1-1 96.3 98.8 100 100 98.8a 
4L-1-2 90.6 100 100 100 97.7a 
B. cereus 
030L-1-1 10.8 12.7 3.3 4.7 7.9b 
N16E-1-2 8.8 6.0 1.0 8.0 6.0b 
Bacillus sp. 
L15E-1-2 12.7 35.6 32.0 20.4 25.2a 
L7E-1-3 6.3 26.4 31.2 10.6 18.6a 
L14E-1-2 14.7 17.3 29.2 7.1 17.1b 
L24L-1-1 6.3 16.1 16.5 17.6 14.1b 
B. cereus + Bacillus sp. 
N16E-1-2+L15E-1-2 4.8 12.4 19.1 7.0 10.8b 
030L-1-1+L7E-1-3 6.8 21.6 11.0 3.2 10.7b 
E. cloacae 
I33li—1—2 16.2 14.6 17.4 6.5 13.7b 
C63D-1-1 13.3 3.6 5.3 20.2 10.6b 
E. herbicola 
lL-2-2 12.6 13.8 17.6 1.8 11.5b 
Acinetobacter spp. 
lL-4-1 5.2 14.3 11.0 18.7 12.3b 
E48D-1-1 8.2 9.7 5.6 2.5 6.5b 
Control 5.9 10.3 5.2 4.1 6.4b 
^Data transformed to arcsin /¥ for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying 
Dunnett's procedure for comparing all treatments with the 
control. 
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and larvae of the corn borer. B.t. var. kurstaki, a crystal-
liferous sporeformer^ produces a crystalline parasporal body 
during sporulation that is extremely toxic to corn borer 
larvae. Strains of B. cereus that produce phospholipase C or 
other toxins in sufficient quantities to produce pathological 
changes in susceptible hosts are classified as facultative 
pathogens. As previously mentioned, considerable variability 
was found in the B. cereus isolates from the corn borer. 
Certain of these isolates and isolates of Bacillus sp. that 
reduced egg hatch may be facultative pathogens. The potential 
pathogens differ from the other groups in that they have 
limited ability to infect when ingested. They are primarily 
aerobic and are unable to multiply and produce toxins in the 
relatively anaerobic guts of insects. If these bacteria gain 
entrance into the hemocoel, a fatal septicemia occurs. 
Bacteria that have been placed in this category are S= 
mar ce s cens / B. cereus aind species of Pseudomonas and Entero-
bacter, ail of which were isolated from corn borer egg masses 
and larvae. 
It must be considered, however, that mortalities reported 
in this study were under laboratory conditions. Mortalities 
produced by bacteria and fungi may be considerably greater 
under the stresses of field conditions. 
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SUMMARY 
Egg masses of the European corn borer were collected 
from field corn and isolated for observation. The percentage 
hatch and percentage establishment of the resulting larvae 
on corn leaf tissue were recorded. Egg masses that 
failed to hatch and larvae that failed to establish were 
surface sterilized and cultured for isolation of bacteria and 
fungi. A total of 1160 egg masses were isolated for observa­
tion during the 1971 and 1972 growing seasons. In 1972 a 
substantial reduction in egg hatch, indicative of a disease 
epizootic, was recorded for the first generation egg masses 
collected in several of the field cages. Two bacteria. 
Bacillus cereus and Bacillus sp. were frequently isolated 
from these egg masses. 
During the study, fungi were observed developing pri­
marily on egg masses that had been injured by insect pre­
dators. Therefore, a separate collection was made of egg 
masses on which lady beetles, Hippodamia convergens and 
Coleomegilla maculata, insidious flower bugs, Orius insidiosus, 
and lacewing larvae, Chrysopa sp., were observed feeding. 
Injury of the egg mass by predator feeding reduced the per­
centage hatch of the remaining e^ggs and enhanced the develop­
ment of fungi on the egg mass. The highest incidence of 
fungal invasion was recorded for egg masses damaged by lady 
beetles and was related to the type of feeding and damage by 
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these insects. 
Alternaria porri, Alternaria spp., Fusarium spp. and 
Mucor spp. were isolated from egg masses of the com borer. 
A. porri was the only fungus isolated from uninjured egg 
masses and conidia were observed within the unhatched eggs. 
These fungi have not previously been reported from egg masses 
of the corn borer. Beauveria bassiana was isolated from a 
single corn borer larva. 
Laboratory bioassay of the fungi on injured and unin­
jured egg masses shewed that A. porri, one isolate of 
Alternaria sp. and one isolate of Mucor sp. significantly 
reduced egg hatch. A. porri showed the highest level of 
pathogenicity and was reisolated from approximately 50 percent 
of the treated egg masses. Two isolates of Mucor and one 
unidentified isolate significantly reduced the percentage 
hatch of injured egg masses while having little effect on 
uninjured eggs. These fungi apparently lack the ability to 
invade uninjured egg masses, but, once established on injured 
eggs, may reduce the hatch of the egg mass. 
Bacteria representing the Enterobacteriaceae, Pseudo-
monadaceae, Neisseriaceae, Hicrococcaceae, Streptococcaceae, 
Bacillaceae and unidentified, nonsporulating, grcun-positive 
rods were isolated from egg masses or first-instar larvae. 
Gram-positive rods constituted 71 percent of the isolations 
from egg masses, but only 37 percent of the isolations from 
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larvae. B. thiiringiensis var. kurstaki, B. ce reus, Bacillus 
sp., Acinetobacter spp., Erwinia herbicola, Enterobacter 
cloacae, Serratia marcescens and Pseudomonas spp. were 
isolated from egg masses of the corn borer and, with the 
exception of S. marcescens and Pseudomonas spp., are the first 
reports of these bacteria from insect eggs. In addition to 
the bacteria isolated from egg masses, Enterobacter sp., 
Klebsiella pneumoniae, Micrococcus luteus, Streptococcus 
faecalis and Streptococcus sp. were isolated from first-instar 
larvae of the com borer. 
Laboratory bioassays were performed with the bacteria on 
both neonate larvae and egg masses. Only B. thuringiensis 
var. kurstaki was pathogenic to neonate larvae when lyophilized 
diet was rehydrated with suspensions of the bacteria. Total 
mortality was significantly greater than the control when 
B. thuringiensis var. kurstaki amd Bacillus sp. were topically 
applied to egg masses. B. thuringiensis var. kurstaki did 
not reduce egg hatch, but drastically reduced the establish­
ment of the resulting larvae on a meridic diet. Conversely, 
the influence of Bacillus sp. was primarily on the egg mass, 
significantly reducing egg hatch. 
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Table 12. Percentage hatch of egg masses topically treated 
with, fungi 
Fungi 
isolation no. 
Average hatch 
Injured Uninjured 
Mean 
A. porri 
Lb70E 
Lb35E 
39.2 
35.8 
41.9 
27.6 
40.5 
31.7 
de 
e 
Alternaria spp. 
Lb41E 
Lb33E 
025E 
6 6 . 6  
70.2 
77.8 
56.3 
75.7 
76.6 
61.5 cd 
73.0 abc 
77.2 abc 
F. oxysporum 
T4E 
T5E 
T6E 
T7E 
TIOE 
A16E 
P6E 
61.3 
75.3 
71.6 
83.8 
75.1 
70.2 
72.6 
70.1 
73.5 
74.5 
74.2 
6 6 . 8  
69.7 
78.4 
65.7 abed 
74.4 abc 
73.1 abc 
79.0 abc 
71.0 abed 
70.0 abed 
75.5 abc 
Fusarium spp, 
F17E 
H3E 
Lb31E 
M4E 
02 2E 
PIE 
TIE 
88.1 
72.2 
80.0 
74.1 
83. 3 
79.7 
61.2 
93.0 
77.6 
72.7 
84.4 
85.6 
80.3 
66.9 
90.6 a 
74.9 abc 
76.4 abc 
79.3 abc 
84.5 abe 
80.0 abc 
64.1 abed 
B. bassiana 
L27L 65.4 69.7 67.6 abed 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different when using Dunnett's procedure. 
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Table 12 (Continued) 
Fungi Average hatch^ Mean^ 
isolation no. Injured Uninjured 
Mucor spp. 
CR13E 68.7 79.9 74.3 abc 
Lb40E 70.3 65.8 68.1 abed 
053E 77.7 80.9 79.3 abc 
OrllE 51.7 73.8 62.8 bed 
P41E 57.6 * 74.6 66.1 abed 
T8E 65.5 70.9 68.2 abc 
Unidentified 
L5E 75.4 76.8 76.1 abc 
Lb29E 76.1 84.7 80.4 abc 
OrSlE 63.8 * 79.5 71.7 abc 
N16E 60.7 72.4 66.6 abc 
T9E 74.2 75.4 74.8 abc 
Control 83.3 94.6 89.0 ab 
^Significant difference for injured vs. uninjured within 
a fungal isolation = 14.1 and indicated by *. 
Table 13. Properties of the Enterobacterlaceae Isolated from egg masses and larvae of the European 
com borer 
Property 
Glucose 
Lactose 
Sucrose 
Mannltol 
Dulcitol 
Sallcln 
Adonitol 
Inositol 
Hydrogen 
sulfide 
Indole 
Malonate 
Nitrate 
reduction 
Methyl red 
E. herbicola E. cloacae 
Bacterial isolation no. 
I N N m I I I 
I 
CO 
I 
I 
H t — i l — I l — I  C O  c s )  
I I I I I I I I 
7" Y Y V V M M M M W O CO fO N N m I-] hJ hJ 
I 
Cjl (S 
I I 
M B I i l  o\ o o Pd M 
I I 
^ ^  pi 
s 
>  
Y 2 
r4 csl 
r4 rL H 1 Q à 1 fO 00 m O 
m 
u S O 
I 
CM 
I I 
i à î  
W H hJ 
A A A A Â A A A A A A A A À A A Â Â  
A A A A B B A B B B B B B B A A A A  
A A A A A A A A A A A A A A A A A A  
A A A A A A A A A A A A A A A A A A  
B B B B B B B B B B B B B B B B B B  
A A (A) (A) A A (A) A B A A A A A A (A) (A) A 
B ( A ) B B B B B B B B B B B B B B B B  
A A A A B B (A) B B B (A) (A) (A) (A) A A A A 
A g  A g  A g  A g  A g  A g  A g  
A g  A g  A g  A g  A g  A g  A g  
A g  B  B  B  A g  A g  A g  
A g  A g  A g  A g  A g  A g  A g  
B  B  A g  B  B  B  B  
Ag Ag Ag Ag Ag Ag (Ag) 
A g  B  B  B  A g  B  B  
B B B B B (A) B 
+ - + - + + + + - - - — -
— — — — + + — + + + + + + + — — — — + + + + + 
— — — — + + — + + + + + + + — — — — + + + + + 
Volges-
Proskâuer + + + + + - + + + + + + + + + + + + + + + + + + + 
Citrate + - + + (+) - + (+) + (+)(+)(+)(+)(+) + + + + + + + + + + + 
Urea __________________ _ _ + _ _ _ + 
Phenylalanine 
deaminase - - - - - - -
Growth 
inKCN + + + + + + + 
Gelatin 
liquefaction (+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+)(+) (+) (+) (+) (+) (+) (+) (+) 
Motility + — + + + — + + + — + + + + + + + + + + + + + + + 
Lysine 
decarboxylase - -- -- -- -- -- -- -- -- -
Ornithine 
decarboxylase __________________ (+) + (+) (+) + + + 
Arginine 
dihydrolase __________________ + + + + + + + 
Oxidase __________________ 
Catalase + + + + + + + + + + + + + + + + + + + + + + + + + 
Pigment YYYYYYYYYYYYYYYYYY W W W W W W W 
" Acid in closed tube; B = Basic; NR = No Reaction; g = gas produced; + = positive within 3 
days; - « negative; ( ) » delayed (over 3 days) or weak reaction; Y • yellow; W = white. 
Table 13 ((Continued) 
E^. ligue faclens Enterobacter sp. S_. marcescene K. pneumoniae Unidentified 
o 
Bacterial Isolation no. 
r4 1 Y ? 1—( iH I—1 1 ? 
V V V Y 1 iH Y iH V M ij HJ M 1 M Q M o\ CO M sf VO U sr CM a m VO Q fA H) S o pq m 
Glucose A Ag A(g) A A(g) A A(g)A(g)A(g) Ag Ag 
Lactose B Ag B B B B B B B Ag Ag 
Sucrose A Ag A A A(g) A A(g) Ag A Ag B 
Mannltol A Ag A A A A A A A Ag Ag 
Dulcltol B Ag B B B B B B B Ag Ag 
Sallcln A Ag A A A A A A A Ag Ag 
Âdonltol B 1) (A) (A) (A) W (A) (A) (A) Ag Ag 
Inositol (A) ] \  (A) (A) (A) (A) (A) (A) (A) Ag B 
Hydrogen 
sulfide - — - — — — — — - -
Indole - — + + 
Malonate - + + 
Nitrate 
reduction + + + +  + + +  +  +  +  +  
Methyl red +  •" - +  
Volges-
Proskauer 
Citrate 
Urea 
Phenylalanine 
deaminase 
Growth 
in KCN 
Gelatin 
liquefaction 
Motility 
Lysine 
decarboxylase 
Ornithine 
decarboxylase 
Arginine 
dehydrolase 
Oxidase 
Catalase 
Pigment 
- t- + 
+ (t-) + 
(•h) 
— 
+ 4" 
+ (0 + 
+ + + 
+ •• + 
0") 
+ (4) + 
+ 4- + 
W W W 
+  + + +  +  +  
+  + + +  +  +  
+  + + + -  +  
+  + + +  +  +  
+  + + +  +  +  
+  + + +  +  +  
+ 
+ 
+ 
(+) 
vo 
00 
+  + + +  +  +  
+  + + +  +  +  
W W W W W W 
+ 
w 
+ 
Y 
Table 14. Properties of the Pseudomociadaceae isolated from European com borer eggs and larvae 
Glucose 
Lactose 
Sucrose 
Mannltol 
Indole 
Nitrate 
reduction 
Methyl red 
Volges-
Proskauer 
Catalase 
Oxidase 
Motility 
Fluorescent 
pigment 
Yellow 
chromogenesis 
I 
T 
0 
B 
B 
(0) 
+ 
+ 
+ 
+ 
+ 
+ 
Pseudomonas sp. 
I 
fa 
(0) 
B 
B 
B 
cji cy 
Y V 
a R 
0 0 
B NK 
0 NR 
(0) B 
+ 
+ 
+ 
4-
H-
+ 
+ 
A 
0 
B 
B 
0 
+ 
+ 
+ 
t 
I 
+ 
+ 
+ 
I 
d 
0 
B 
(0) 
(0) 
0 
B 
0 
B 
B NR 
B B 
+ 
+ 
+ 
+ 
+ 
+ 
Unidentified-1 
Bacterium Isolation no. 
Unidentified-2 
Y (N fS iH 
r4 V A à 7 d CM H M n M d 1^ O 
7 ? 
M 
vO 
8 
I 
d 
n 
2 
à M S m 
? 
r4 
I 
d 
0 
B 
B 
B 
+ 
+ 
+ 
0 
B 
B 
0 
+ 
+ 
+ 
— — + 
0 
B 
B 
B 
+ 
+ 
+ 
0 
B 
(0) 
(0) 
+ 
+ 
+ 
0 0 (0) (0) 0 
0 0 (0) (0) B 
(0) (0) (0) (0) (0) 
B B B B B 
+ + + + + 
(+) (+) (+) (+) (+) 
+ + + + + 
É â m 
0 
B 
B 
0 
+ 
+ 
+ 
0 
B 
B 
0 
+ 
+ 
+ 
H 
A 
M 
VO 
8 
0 
B 
B 
0 
+ 
+ 
+ 
^0 = oxidative; B = basic; NR = No Reaction; + = positive within 3 days; - = negative; 
( ) = delayed reaction (over 3 days). 
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Table 15. Properties of the Acinetobacter spp. isolated 
from egg masses and larvae of the European corn 
borer 
Acinetobacter spp. 
Bacterial isolation no. 
rH 
1 
rH 
1 
rH 
1 
rH 
I 
rH 
1 
rH 
1 fn 
fS 
1 rH cn 
r4 
1 
1—1 
1 
rH iH 
1 
rH rH rH rH 
1 
rH 
1 
rH 
1 1 rH 
i—H 
1 
1 f-H rH (N ** {N m M Q Q H Q a 1 M 1 1 1 1 m m <T> 00 M 00 tA k] H hq rH in If) rH m rH rH N rH 
r H e H P -
Glucose 0 B 0 0 0 0 0 0 0 0 0 0 0 0 
Lactose B B 0 0 B B 0 0 0 0 0 0 NR{0] 
Sucrose B B B B B B B B B B B B NR B 
Manitol B B B B B B B B B B B B NR B 
Dulcitol B B B B B B B B B B B B NR B 
Salicin B B B B B B B B B B B B B B 
Adonitol B B B B B B B B B B B B B B 
Inositol B B B B B B B B B B B B NR B 
Hydrogen 
sulfide 
Nitrate 
reduction 
Indole 
MR - - - - (+) (+) (+) 
VP 
Citrate + + + + + + + + + + + + + + 
Oxidase 
Catalase + + + • + + + + + + + + + + + 
^0 = oxidative; B = Basic; NR = No Reaction; + = 
positive; - = negative; ( ) = delayed or weeik reaction. 
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Table 16. Properties of the streptococci and micrococci 
isolated from eggs and larvae of the European corn 
borer 
£. faecalis Streptococcus sp. M. luteus 
Bacterial isolation no. 
I—i I—I 1-4 I—I I—I 
I I I I I I r4 
I—I rH rH rH r—I rH I 
I I I I I I rH 
^  Q Q Q Q h q  k Q  I  
Property rH m rH rH w 
^ m m rH rH 
m m u u 5 w 
Glucose A A A A A (A) (B) 
Lactose A A A A A B B 
Sucrose A A A A A (B) B 
Nitrate 
reduction — — 
Indole - -
Methyl red + + + + + - -
Vdlges-
Proskauer _ — 
Growth in 
2% NaCl + + + + + + + 
6.5% NaCl + + + -1 + + + 
10% NaCl - + 
Growth at 
lO'C -t 4- -h + + - + 
45°C + + + + + - + 
Catalase - + 
Oxidase - + 
Hemolysis ( a )  ( a )  ( a )  ( a )  ( a )  ( a )  
Cell 
arrangement s,( =S . ( 3S , 1 C S . I  :s .c s.c t 
Cell 
division Ip IP IP Ip IP Ip 2p 
= Acid in closed tube; B = Basic; + = positive within 
3 days; - = negative reaction; ( ) = delayed or weak reaction; 
a = green zone on 5% defibrinated sheep blood; s,c = single, 
chains; t «= tetrads. 
Table 17. Properties of the Baclllaceae Isolated from European com borer eggs and larvae 
B.t. var kurstakl B. cereus 
Property 
Bacterial Isolation no. 
CM 
I à 
H r4 H 
m 
H H H N r4 CO es es es rH H es rH 7 1 N CM 1 1 1 1 es 1 1 1 1 rH rH es CO M rH N 1 1 1 H rH iH H r—i rH 1 r-H es r4 rH rH rH es 1 1 iH 1 1 1 1 r-l rH H 1 1 1 1 1 •H 1 1 1 1 1 rH rH rH 
H M M H 1 M 1 M M M M M M 1 M M HJ H] hJ M 1 1 1 M H 00 m 1 w sf in O 00 M VO es PO O •4- m m ni H H «S H m «O M. r-4 H rH es CO es r—! es es CO •4- m 00 R H CO rH 
»-) hJ M H H) hJ HJ hJ Ml a % O O o O o o Pi M pi 2 
A A A A A A A A A A A A A A A A A A A A A A A A A 
B B B B B B B B B B NR B B B B B B B B B B B B B B 
A A A A A A A A A A A A A A A A A A A A A A A A A 
(A) B B B B B B B B B B B (A) B B B B B B B B B B B B 
I 
g 
Glucose 
Lactose 
Sucrose 
Mannitol 
A A 
B B 
A A 
B B 
Hydrogen 
sulfide - - - - - -
Nitrate 
reduction + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
Indole - - - - - -----------------------
Methyl red + + + + + + + + + (+) + + + + + + + + + + + + + + + + + + 
Volges-
Proskauer (+) + + + + + + + + + + + + + + + + + + + + + + + + + + + 
Citrate - - - - -
Crystal 
( 6 - e n d o t o x i n )  +  +  +  +  +  - - - - - - - - - - - - - - - - - - - - - - -
Gelatin 
liquefaction + + + + + 
Catalase + + + + + 
Oxidase + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + 
^A = Acid in closed tube; B =• Basic; NR « No Reaction; + = positive within 3 days; ( ) = delayed 
(over 3 days) or weak reaction; - = negative reaction. 
Table 17 (Continued) 
Property 
B. cereus Bacillus sp. 
Bacterial isolation no. 
Y 1' 
V 1' I 
I 
V 
3 R d d d a d dt icu i  p i  o ip io iwwu i  
t-l I I 
I r4 rH 
I-! I I 
I, M kJ M N 0\ 
CO 
I. 
CM CN CN4 CM CS 
I I I I I I 
I I 
M CO 
r4 
A  H  
M M M M M M 
— sf in vo 
r-1 
I I à à I a 
iH 
M W vO 
H H j=L C\| N N C\| N CO CO kj kj d kj bj tj_ 
O 
st 
_tL 
I I 
i il 
Glucose 
Lactose 
Sucrose 
Mannltol 
Hydrogen 
sulfide 
Nitrate 
reduction 
Indole 
Methyl red 
Volges-
Proskauer 
Citrate 
Crystal 
(6-endotoxin) 
Gelatin 
liquefaction 
Catalase 
Oxidase 
A A A A A A A A  A A  
B  B B B B B B B B B  
A A A A A A A A A A  
( A )  B B B B B B B B B  
NR NR NR NR(0) NR(A)(A) NR(0) NR NR(0)(0)(0)(0) NR NR 
NR NR NR NR NR NR NR NR NR(0) NR NR(0) NR(0) (0) NR NR 
NR NR B NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
+ + + + + + + + + + 
+ + + + + + + + + + + + (+) + + + + + + + - - - — - (+) (+) -
+ + + + + + + + + + 
+ -
+ + + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
o 
w 
Table 17 (Continued) 
Bacillus sp. 
Bacterial isolation no. 
Property 
N w 
1-1 
CM rn 
I 
M M M 5 5 
r4 IN 
a 21 g % g 
I 
T 
s s 
ï, I I I I Y T Y T I I. 
I I W M 10 vci 
s 
I 
R 
s 
I I I I 
•4 h4 W W 
a\ vo 0% o I 
I I M M I hJ 
N m m g % % 
M tn N m N m 
o o o o 
I 
a 
I I I 
17^ ê§ ^ 
7 
T 
d 
I 
m 
m ir» in so vo vo O O O O O O 
? I I I I I M M S 0\ o N N m PW Pi pL« I i 
Glucose 
Lactose 
Sucrose 
Mannltol 
Hydrogen 
sulfide 
Nitrate 
reduction 
Indole 
Methyl red 
Volges-
Proskauer 
Citrate 
Crystal 
(6-endotoxin)-
(0) NR(0) NR NR(0) 
NR NR(0) NR NR(0) 
NR NR NR NR NR NR 
NR NR NR NR NR NR 
NR NR NR(0) NR(0) NR NR(0) (0) NR NR NR NR NR(0) NR NR NR NR NR NR NR NR 
NR NR NR(0) NR(0) NR NR(0) (0) NR NR NR NR NR(0) NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
+ - + + 
(+) — (+) - - (+) - - - (+) - - — — (+) (+) — — - (+) - — — — — (+) — — - — 
Gelatin 
liquefaction + + + 
Catalase 
Oxidase 
+ + + 
+ + + + + + 
+ + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 
Table 18. Properties of the unidentified, gram-positive, nonsporlng, rod-shaped bacteria isolated 
from European com borer eggs and larvae 
Group 1 Group 2 Group 3 
Bacterial isolation no. 
t t t  
I I I 
M M M H en m 
hJ iJ 
H Y V 
Y 7 
a m 
CM 
I 
rH CO H 
I I I 
7 Y Y Y 
5 N R 5 M N N \0 g Sî g p 
si- m 
r4 r4 
jj M S. a\ PU w 
? 
Y ë 
t-H rH rH 
H I I I 
I rH H H M i l l  
I M M M W csi vo in sf ,-H H cg g aï g o 
rH d iH 
A A ^ I I 
5 R 
M S 1-) 
A 
cj) ir> 
I 
vo iH 
_fcL 
I 
? ?  
C*1 A à m M 
Glucose 0 0 (0) 0 0 0 0 0 0 0 (0) 0 0 0 0 0 0 NR NR NR NR NR NR NR NR 
Lactose (0) (0) (0) 0 0 0 0 0 (0) 0 (0) 0 B B B B B B B B B B B B B  
Sucrose 0 0 (0) 0 0 0 0 0 0 0 0 0 0 B B 0 0 NR NR NR NR NR NR NR NR 
Mam il toi 0 0 0 0 (0) 0 0 0 0 0 (0) (0) 0 B B 0 0 NR NR NR NR NR NR NR NR 
Hydrogen 
sulfide 
Indole 
Nitrate 
reduction 
Methyl red 
Volges-
Proskauer 
Gelatin 
liquefaction 
Cellulose 
digestion 
Oxidase 
Catalase 
+ + + + + + + 4 
+ +(+)+ + + + •• 
+ + + + -h + + 4 
+ + + + + + + 4* + + + + 
+ + 4- + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + + 
(+) (+) (H-) (+) (+) 
(+) (+) (4 ) (+) (+) 
+ + + + + (+) (+) (+) (+) (+) (+) (+) (+) 
+ + + + + + + + + + + + + 
^0 = oxidative; B = Basic; NR = No Reaction; + = positive within 3 days ; ( ) = delayed or weak 
reaction; - = negative. 
Table 18 (Continued) 
Property 
Glucose 
Lactose 
Sucrose 
Marnltol 
Hydrogen 
sulfide 
Indole 
Nitrate 
reduction 
Methyl red 
Volges-
Proskauer 
Gelatin 
liquefaction 
Cellulose 
digestion 
Oxidase 
Catalase 
Group 4 
Bacterial Isolation number 
? 7 sf I 
I I I 
M M M 
en r» i-J 
I 
N iN N 
I I I I 
CM <S CM 
I I I I 
tH t-< C>) CO CM 
I I I I I CO 
»-4 rH rH fH I 
I I i I 
H 14 hJ I M U M M H  ( » a k M v o v o r « s f  C M  C M C ^ i - I r H C M C M i n  
l a y A t s m t S t l S O O O O O O f U  
I 
R W W H jJ o» o fH CO J 
c c M i o m i n v o v o v o K i  
I 
M ? ? 
I I tj w 
cO CO CO 00 r4 CM CM (U (U pi Pli K Pi ai 
CO CM N 
I I I 
T T Y 
^ ^ 
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0 (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 
B B B B B B B B B B B B B B B B B B B B B B B B B  
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 
+ + (+) + + — + + + — + + + + + — — + + + + + (+) (+) + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + •<• + + + + + + + + + + + + + + + + + + + 
+  +  +  +  + • -  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
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Table 19. Analyses of variance for the neonate larval and egg 
mass bioassays against the Enterobacteriaceae 
Analysis^ df Ms F 
Larval bioassay 
neonate larval mortality 36 59.65 1. 14 ns^ 
Egg mass bioassay 
percentage hatch 36 32.87 1. 
* 
58 
percentage establishment 36 21.23 0. 67 ns 
total mortality 36 43.79 1. 15 ns 
®Data transformed to arcsin /F for analysis. 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
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Table 20. Percentage mortality of neonate larvae bioassayed 
against the Enterobacteriaceae 
E. herbicola 
L33E-1-2 2.9 5.9 11.8 6.9 a 
A30E-1-1 2.9 5.9 8.8 5.9 a 
L28E-1-3 2.9 11.8 2.9 5.9 a 
D19E-1-1 2.9 8.8 2.9 4.9 a 
F17E-1-1 2.9 2.9 8.8 4.9 a 
lL-2-2 0 2.9 8.8 3.9 a 
013L-1-1 2.9 8.8 0 3.9 a 
F40E-1-1 2.9 2.9 2.9 2.9 a 
L20E-1-1 0 5.9 2.9 2.9 a 
013L-1-2 , 0 5.9 2.9 2.9 a 
R40E-1-2 0 2.9 5.9 2.9 a 
S9E-1-2 0 2.9 5.9 2.9 a 
lL-1-1 0 0 5.9 2.0 a 
F13L-1-1 0 0 5.9 2.0 a 
N24E-1-3 0 2.9 2.9 1.9 a 
lL-1-2 0 2.9 0 1.0 a 
lL-4-3 0 2.9 0 1.0 a 
C25L-1-3 0 2.9 0 1.0 a 
E. cloacae 
C63d-1-1 2.9 14.7 14.7 10.8 a 
GlOL-1-1 2.9 20.6 5.9 9.8 a 
H14E-1-1 0 11.8 8.8 6.9 a 
I33L-1-2 0 17.6 0 5.9 a 
L44D-1-1 0 17.6 0 5.9 a 
A53d-1-1 2.9 5.9 2.9 3.9 a 
C58D-1-1 2.9 0 0 1.0 a 
E. liquefaciens 
C39L-1-1 0 0 0 0 a 
Enterobacter sp. 
4L-1-1 2.9 5.9 2.9 3.9 a 
Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 20 (Continued) 
Percent mortality^ „ b 
Replication " 
II III 
Bacterium .• _:IIT: ^  Mean 
isolation 
S. marcescens 
F43L-1-1 5.9 41.2 0 15.7 a 
L23L-1-2 0 38.2 0 12.7 a 
D49L-1-1 11.8 8.8 2.9 7.8 a 
M6E-1-1 5.9 17.6 0 7.8 a 
6E-3-1 0 8.8 2.9 3.9 a 
054E-1-1 0 8.8 2.9 3.9 a 
6L-1-1 0 5.9 2.9 2.9 a 
K. pneumoniae 
B46D-1-1 0 5.9 0 2.0 a 
Unidentified 
P41E-1-2 5.9 8.8 2.9 5.9 a 
Control 0 2.9 5.9 2.9 a 
Ill 
Table 21. Percentage hatch of egg masses topically treated 
with the Enterobacteriaceae 
Bacterium 
isolation no. 
Percentage hatch' 
E. herbicola 
F13L-1-1 
013L-1-2 
013L-1-1 
L33E-1-2 
F17E-1-1 
L20E-1-1 
S9E-1-2 
R40E-1-2 
A30E-1-1 
C25L-1-3 
L28E-1-3 
N24E-1-2 
lL-4-3 
lL-1-2 
lL-1-1 
D19E-1-1 
F40E-1-1 
lL-2-2 
Replication 
II 1X1 
Mean 
93.9 
88.9 
97.4 
84.3 
91.7 
86.3 
89.9 
89.7 
78.6 
86.1 
97.0 
8 2 . 2  
8 6 . 8  
74.5 
86.1 
71.2 
53.7 
71.6 
89.0 
92.5 
89.8 
98.3 
89.4 
89.6 
91.3 
82.1 
91.8 
38.7 
64.4 
79.3 
80.4 
91.7 
73.0 
78.5 
90.8 
83.9 
96.2 
94.4 
8 6 . 6  
90.8 
91.4 
93.2 
84.5 
91.0 
89.3 
83.2 
91.7 
89.9 
83.3 
80.1 
81.8 
80.9 
82.5 
68.4 
93.0 
91.9 
91.3 
91.1 
90.8 
89.7 
8 8 . 6  
87.6 
8 6 . 6  
8 6 . 0  
84.4 
83.8 
83.5 
82.1 
80.3 
76.9 
75.7 
74.6 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
E. cloacae 
L44D-1-1 
C5SD-1-1 
H14E-1-1 
GIOL—1—1 
A53d-1-1 
I33L-1-2 
C63d-1-1 
75.9 
73 3 
74 *.5 
76.4 
67.0 
66.4 
64.4 
96.3 
86.4 
83.9 
85.7 
69.1 
8 0 . 6  
79.7 
87.7 
96.5 
89.9 
81.8 
8 8 . 6  
75.3 
77.3 
8 6 . 6  
25.4 
8 2 . 8  
81.3 
74.9 
74.1 
73.8 
a 
a 
a 
a 
a 
b 
b 
E. liquefaciens 
C39L-1-1 79.3 91.0 89.4 86.6 a 
Enterobacter sp. 
4L-1-1 82.7 75.8 91.2 83.2 a 
Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Table 21 (Continued) 
S. marcescens 
L23L-1-2 91.5 93.3 76.8 87.2 a 
6E-3-1 77.9 95.2 87.9 87.0 a 
M6E-1-1 85.2 87.4 83.7 85.4 a 
6L-1-1 85.2 82.8 86.8 84.9 a 
P43L-1-1 85.4 85.6 83.5 84.8 a 
054E-1-1 84.7 88.0 78.3 83.7 a 
D49L-1-1 72.2 82.4 89.5 81.4 a 
K. pneumoniae 
B46D-1-1 80.2 82.7 81.6 81.5 a 
Unidentified 
P41E-1-2 94.6 85.6 87.8 89.3 a 
Control 92.0 96.3 89.8 92.7 a 
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Table 22. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with the Enterobacteriaceae 
Bacterium Percentage establishment* Mean" 
isolation no. ^Replication^ 
E. herbicola 
013L-1-1 
N24E-1-2 
F17E-1-1 
L33E-1-2 
L20E-1-1 
P13L-1-1 
D19E-1-1 
F40E-1-1 
R40E-1-1 
A30E-1-1 
lL-4-3 
013L-1-2 
C25L-1-3 
IL—1—1 
IL—2—2 
L28E-1-2 
lL-1-2 
S9E-1-2 
87.5 
85.9 
88.7 
86.4 
91.0 
85.8 
91.7 
78.5 
85.0 
79.0 
77.9 
77.0 
84.5 
81.2 
68.5 
88.4 
8 0 . 0  
84.2 
89.7 
90.1 
86.4 
93.0 
85.7 
87.6 
83.0 
83.2 
77.2 
85.1 
85.6 
85.9 
90.5 
83.2 
92.2 
79.0 
8 6 . 0  
73.7 
96.9 
93.5 
91.3 
86.7 
87.2 
89.0 
82 .8  
95.3 
94.7 
88.9 
88.4 
8 8 . 8  
76.0 
82.8 
8 6 . 0  
78.0 
73.6 
8 0 . 8  
91.4 
89.8 
8 8 . 8  
88.7 
88.0 
87.5 
85.8 
85.7 
85.6 
84.3 
84.0 
83.9 
83.7 
82.4 
8 2 . 2  
81.8 
79.9 
79.6 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
E. cloacae 
C58D—1-i 
L44D-1-
A53D-1-
C63D-1-
GlOL-1-
H14E-1-
I33L-1-2 
85.4 
78.2 
93.7 
74.3 
74.8 
74.5 
63.8 
9^:1 
89.3 
71.9 
92.1 
95.4 
90.8 
87.4 
OD . 3 
93.7 
92.3 
87.3 
81.8 
8 0 . 2  
71.0 
87, 
87.1 
8 6 . 0  
84.6 
84.0 
81.8 
74.1 
a 
a 
a 
a 
a 
a 
E. liquefaciens 
C39L-1-1 69.1 82 .6  y /.u BZ.9 a 
Enterobacter sp. 
4L-1-1 81.8 88.5 83.1 84.5 a 
^Data transformed to arcsin /¥ for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 22 (Continued) 
a 
Bacterium Percentage establishment Mearf 
isolation no. ^ Replication 
S. marcescens 
6L-1-1 85.1 88.0 93.8 89.0 a 
D49L-1-1 77.9 87.3 89.2 84.8 a 
M6E-1-1 71.3 89.8 84.4 81.8 a 
L23L-1-2 81.5 88.1 75.5 81.7 a 
F43L-1-1 66.7 92.0 82.6 80.4 a 
6E-3-1 72.6 81.2 87.0 80.3 a 
054E-1-1 66.7 86.4 87.2 80.1 a 
K. pneumoniae 
346D-1-1 87.1 75.5 83.8 82.1 a 
Unidentified 
P41E-1-2 90.4 81.4 78.3 83.4 a 
Control 82.5 83.5 82.4 82.8 a 
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Table 23. Total percentage mortality from egg masses topically 
treated with the Enterobacteriaceae 
E. herbicola 
lL-2-2 
F40E-1-1 
D19E-1-1 
lL-1-2 
IL-l-l 
L28E-1-3 
lL-4-3 
S9E-1-2 
C25L-1-3. 
A3QE-1-1 
N24E-1-3 
R40E-1-2 
013L—1—2 
L20E-1-1 
F17E-1-1 
F13L-1-1 
L33E-1-2 
013L-1-1 
39.8 
57.8 
34.7 
40.4 
30.1 
14.3 
32.4 
24.3 
27.3 
37.9 
29.5 
23.7 
31.6 
21.4 
18.6 
19.4 
27.1 
14.8 
33.2 
24.4 
34.8 
21.1 
39.3 
49.1 
31.2 
32.7 
19.7 
21.9 
2 8 . 6  
36.6 
20.5 
23.2 
22.7 
22.1 
8.5 
19.4 
43.6 
21.4 
33.0 
41.0 
32.2 
28.5 
26.3 
31.7 
36.8 
20.7 
15.9 
13.8 
16.1 
18.8 
16.6 
14.4 
21.3 
16.1 
38.2 
34.5 
34.2 
34.2 
33.9 
30.6 
30.0 
29.6 
27.9 
2 6 . 8  
24.7 
24.7 
22.7 
21.1 
19.3 
18.6 
19.0 
16.8 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
cloacae 
I33L-1-2 
Co3D—1—1 
A53D-1-1 
H14E-1-1 
GIOL—1—1 
C58D-1-1 
L44D-1-1 
57.7 
52.2 
37.3 
44.5 
42.9 
37.4 
40.6 
2 8 . 8  
2 6 . 6  
50.3 
23.8 
18.2 
20.4 
14.0 
42.7 
32.5 
18.2 
27.9 
33.1 
17.4 
17.8 
43.1 a 
37.1 a 
35.3 a 
32.1 a 
31.4 a 
25.1 a 
24.1 a 
E. liquefaciens 
C39L-1-1 54.0 24.8 13.2 30.7 a 
Enterobacter sp. 
4L-1-1 32.3 32.9 24.3 29.8 a 
^Data transformed to arcsin for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 23 (Continued) 
S. marcescens 
054E-1-1 43.5 24.0 31.7 33.1 a 
F43L-1-1 43.1 21.2 31.0 31.8 a 
D49L-1-1 43.7 28.1 20.2 30.7 a 
M6E-1-1 39.3 21.5 29.4 30.1 a 
6E-3-1 43.5 22.8 23.6 30.0 a 
L23L-1-2 25.4 17.8 42.0 28.4 a 
6L-1-1 27.5 27.1 18.7 24.4 a 
K. pneumoniae 
B46D-1-1 30.2 37.6 31.6 33.1 a 
Unidentified 
P41E-1-2 14.5 30.3 31.3 25.4 a 
Control 37.0 11.2 22.8 23.7 a 
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Table 24. Analyses of variance for the neonate larval and 
egg mass bioassays against the Pseudomonadaceae 
Analysis^ df Ms F 
Larval bioassay 
neonate larval mortality 23 87.34 1. 02 ns" 
Egg mass bioassay 
percentage hatch 23 20.92 0. 53 ns 
percentage establishment 23 47.42 1. 30 ns 
total mortality 23 34.96 1. 04 ns 
^Data transformed to arcsin /% for analysis. 
°ns = nonsignificant. 
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Table 25. Percent mortality of neonate larvae bioassayed 
against the Pseudoaonadaceae 
Bacterium 
isolation no. 
Percent mortality^ 
Replication 
I II III 
Mean^ 
Pseudomonas spp. 
7L-1-1 38.2 11.8 11.8 20.6 a 
A57D-1-1 32.4 14.7 5.9 17.7 a 
JllL-1-3 14.7 20.6 14.7 16.7 a 
I22L-1-2 29.4 14.7 5.9 16.7 a 
1331-1-1 29.4 14.7 5.9 16.7 a 
IL—5—1 32.4 8.8 8.8 16.7 a 
HllL-1-1 8.8 11.8 23.5 14.7 a 
IlL-1-1 14.7 14.7 11.8 13.8 a 
072L-2-1 23.5 8.8 5.9 12.7 a 
E46D-1-1 5.9 20.6 0 8.8 a 
N24E-1-2 5.9 11.8 2.9 6.9 a 
A55D-1-2 5.9 11.8 0 5.9 a 
RlL-1-2 0 11.8 5.9 5.9 a 
C61D-1-2 2.9 11.8 0 4.9 a 
Unidentified - 1 
D26L—1—2 55.9 20.6 2.9 26.5 a 
E15L-1-2 44.1 14.7 8.8 22.5 a 
F37E-1-1 44.1 8.8 11.8 21.6 a 
C26E-1-2 35.3 14.7 8.8 19.6 a 
D26L-1-1 35.3 14.7 5.9 18.6 a 
Unidentified - 2 
A30E-1-1 11.8 17.6 8.8 12.7 a 
C26E-1-1 11.8 5.9 17.6 11.8 a 
BllE-1-1 8.8 8.8 14.7 10.8 a 
Control 5.9 29.4 11.8 15.7 a 
*Data transformed to arcsin /Ç for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 26. Percentage hatch of egg masses topically treated 
with the Pseudomonadaceae 
Pseudomonas spp. 
E15L-1-1 93.7 76.5 96.4 88.9 a 
E46D-1-1 95.2 71.0 92.0 86.1a 
I33L-1-1 87.1 88.6 82.7 86.1 a 
072L-2-1 88.3 83.8 82.3 84.8 a 
A57D-1-2 82.1 78.4 92.7 84.4 a 
C61D-1-2 84.2 86.3 78.3 82.9 a 
N24E-1-2 87.8 80.6 78.7 82.4 a 
I22L-1-2 79.1 80.8 85.9 81.9 a 
IlL-1-1 87.0 82.2 75.6 81.6 a 
HllL-1-1 95.2 67.0 82.4 81.5 a 
lL-5-1 90.4 76.4 74.8 80.5 a 
A55D-1-2 90.8 86.8 61.1 79.6 a 
7L-1-1 76.9 69.9 88.8 78.5 a 
D26L-1-2 76.2 73.3 79.1 76.2 a 
RlL-1-2 84.4 67.3 73.6 75.1 a 
Unidentified - 1 
D26L-1-1 81.9 81.1 93.4 85.5 a 
JllL-1-3 86.7 79.5 85.4 83.9 a 
F37E-1-1 82.0 92.1 72.2 82.1 a 
C26E-1-2 82.6 83.9 76.8 81.1 a 
E15L-1-2 71.7 86.1 71.6 76.5 a 
Unidentified - 2 
BllE-1-1 89.9 79.1 82.9 84.0 a 
A30E-1-1 83.7 92.5 70.2 82.1 a 
C26E-1-1 89.3 84.5 64.9 79.6 a 
Control 88.6 71.7 87.4 82.6 a 
^Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 27. Percentage lairval establishment on a meridic diet 
after hatching from egg masses topically treated 
with the Pseudomonadaceae 
Bacterium Percentage est^lishnent^ „ b 
isolation no. ~ Replication — 
Pseudomonas spp. 
E15L-1-1 93.9 86.4 86.3 88.9 a 
D26L-1-2 87.5 91.2 83.8 87.5 a 
lL-5-1 86.4 88.8 87.4 87.5 a 
C61D-1-2 89.9 85.6 84.6 86.7 a 
HllL-1-1 70.7 95.5 93.1 86.4 a 
7L-1-1 71.8 96.5 87.4 85.2 a 
I22L-1-2 73.6 87.4 92.9 84.6 a 
N24E-1-2 71.5 94.0 84.7 84.3 a 
RlL-1-2 80.0 84.1 88.7 84.3 a 
A55D-1-2 77.3 88.1 86.2 83.9 a 
IlL-1-1 85.0 79.2 86.3 83.5 a 
072L-2-1 78.3 83.0 86.9 82.7 a 
A57d-l-2 76.4 84.0 87.8 82.7 a 
E46D-1-1 85.6 75.8 85.2 82.2 a 
I33L-1-1 76.2 81.6 72.2 76.7 a 
Unidentified - 1 
D26L-1-1 79.7 91.6 83.2 84.8 a 
F37E-1-1 69.5 92.0 89.4 83.6 a 
JllL-1-3 74.8 92.2 79.1 82.0 a 
E15L-1-2 72.7 88.5 82=1 81.1 a 
C26E-1-2 77.2 78.0 77.9 77.7 a 
Unidentified - 2 
BllE-1-1 92.7 98.6 91.8 94.4 a 
A30E-1-1 70.7 89.2 98.9 86.3 a 
C26E-1-1 38.4 75.5 87.2 67.0 a 
Control 87.2 76.0 77.3 80.2 a 
^Data transformed to arcsin for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 28. Total percentage mortality from egg masses topically 
treated with the Pseudomonadaceae 
I II III isolation no. 
Pseudomonas spp. 
RlL-1-2 32.5 43.4 34.7 36.9 a 
I33L-1-1 33.6 27.7 40.3 33.9 a 
A55D-1-2 29.8 23.5 47.4 33.6 a 
D26L-1-2 33.5 33.2 33.8 33.5 a 
7L-1-1 44.8 32.5 22.3 33.2 a 
IlL-1-1 26.0 34.9 34.8 31.9 a 
N24E-1-2 37.2 24.3 33.3 31.6 a 
HllL-1-1 32.7 36.0 23.3 30.7 a 
I22L-1-2 41.8 29.4 20.2 30.5 a 
072L-2-1 30.9 30.5 28.5 30.0 a 
A57D-1-2 37.3 34.1 18.7 30.0 a 
lL-5-1 21.9 32.1 33.6 29.2 a 
E46D-1-1 18.5 46.1 21.6 28.7 a 
C61D-1-2 24.4 26.1 33.8 28.1 a 
E15L-1-1 12.0 33.9 16.8 20.9 a 
Unidentified - 1 
E15L-1-2 47.8 23.8 41.2 37.6 a 
C26E-1-2 36.2 34.5 40.2 37.0 a 
JllL-1-3 35.2 26.7 32.4 31.4 a 
F37E-1-1 43.0 15.2 35.4 31.2 a 
D26L-1-1 34.7 25.7 22.3 27, 
Unidentified - 2 
C26E-1-1 65.7 36.2 43.4 48.4 a 
A30E-1-1 40.8 17.5 30.6 29.6 a 
BllE-1-1 16.7 22.0 23.9 20.9 a 
Control 22.7 45.5 32.4 33.5 a 
^Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 29. Analyses of variance for the neonate larval and 
egg mass bioassays against Acinetobacter spp. 
Analysis^ df Ms F 
Larval bioassay 
neonate larval mortality 14 56.53 0.99 ns*) 
Egg mass bioassay 
percentage hatch 14 25.45 0.56 ns 
percentage establishment 14 79.82 
* 
3.31 
total mortality 14 66.78 
^Data transformed to arcsin /% for analysis. 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
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Table 30. Percentage mortality of neonate larvae bioassayed 
against Acinetobacter spp. 
Bacterium 
isolation no. 
Percent mortality 
Replication 
I II III 
Mean^ 
Acinetobacter spp. 
lL-4-1 20.6 8.8 17.6 15.7 a 
RlL-1-3 11.8 5.9 17.6 11.8 a 
A57d-1-1 14.7 2.9 14.7 10.8 a 
lL-2-1 17.6 2.9 11.8 10.8 a 
LIE-1-3 5.9 2.9 23.5 10.8 a 
D59d—1—1 11.8 11.8 5.9 9.8 a 
7E—2—1 17.6 0 11.8 9.8 a 
D13E-1-1 8.8 8.8 5.9 7.8 a 
E48d-1-1 11.8 8.8 2.9 7.8 a 
7L-3-1 11.8 0 5.9 5.9 a 
02L-1-1 5.9 8.8 0 4.6 a 
L18E-1-2 5.9 2.9 2.9 3.9 a 
A55d-1-1 2.9 2.9 5.9 3.9 a 
A14E-1-1 0 2.9 2.9 1.9 a 
Control 0 2.9 23.5 8.8 a 
^Data transformed to arcsin /¥ for analysis. 
^Means followed by the same letter are not significantly 
fîi TToron-t- . 
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Table 31. Percentage hatch of egg masses topically treated 
with Acinetobacter spp. 
Acinetobacter spp. 
IL—2—1 85.8 87.4 91.9 88.4 a 
LlE-1-3 95.5 94.6 74.2 88.1 a 
7E-2-1 85.4 78.0 93.7 85.7 a 
A57d-1-1 79.3 87.5 89.6 85.5 a 
D13E-1-1 80.2 99.0 76.8 85.3 a 
lL-4-1 87.3 76.6 92.0 85.3 a 
E48d—1—1 86.2 90.1 67.6 81.3 a 
RlL-1-3 89.4 80.6 71.8 80.6 a 
L18E-1-2 80.6 80.3 77.3 79.4 a 
D59d-1-1 69.8 85.9 76.6 77.4 a 
7L-3—1 71.6 79.7 74.4 75.2 a 
Control 93.3 78.2 74.5 82.0 a 
^Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 32. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with Acinetobacter spp. 
Bacterium Percentage establishment* Mean" 
isolation no. ^ Replication 
Acinetobacter spp. 
D13E-1-1 94.6 97.0 89.0 93.5 a 
02L-1-1 90.2 91.3 97.9 93.1 a 
LIE-1-3 86.9 92.6 93.7 91.1 a 
L18E-1-2 95.2 78.7 98.8 90.9 a 
D59d-1-1 90.0 93.6 88.6 90.7 a 
lL-2-1 85.3 89.4 92.9 89.2 a 
A57d-1-1 86.9 89.9 89.2 88.7 a 
RlL-1-3 92.1 87.0 86.3 88.5 a 
7L—3—1 94.0 79.3 90.9 88.1 a 
7E-2-1 87.8 79.6 85.6 84.3 a 
IL—4—1 75.7 75.8 91.3 80.9 b 
E48d-1-1 88.0 75.2 78.1 80.4 b 
Control 97.3 89.2 97.1 94.5 a 
^Data transformed to arcsin for analysis. 
^Means not followed by the same letter are significantly 
different at the 95% level of probability. 
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Table 33. Total percentage mortality from egg masses topically 
treated with Acinetobacter spp. 
•rzs,.... .  ^
Acinetobacter spp. 
E48d-1-1 24.1 32.2 47.2 34.5 a 
7L—3—1 32.8 36.8 32.3 34.0 a 
IL—4~1 33.9 41.9 16.1 30.6 a 
D59d-1-1 37.2 19.5 32.1 29.6 a 
RlL-1-3 17.6 29.8 38.0 28.5 a 
L18E-1-2 23.3 36.7 23.6 27.9 a 
7E-2-1 25.0 37.9 19.8 27.6 a 
A57d-1-1 31.1 21.3 20.1 24.2 a 
02L—1—1 25.7 25.0 20.3 23.7 a 
IL—2—1 26.8 21.8 14.6 21.1 a 
LIE-1-3 17.0 12.4 30.5 20.0 a 
D13E-1-1 24.1 3.9 31.6 19.9 a 
Control 9.2 30.3 27.7 22.4 a 
^Data transformed to arcsin for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 34. Analyses of variance for the neonate larval and 
egg mass bioassays against the streptococci or 
micrococci 
Analysis^ df Ms P 
Larval bioassay 
neonate larval mortality 7 39.35 2.00 ns^ 
Egg mass bioassay 
percentage hatch 7 17.78 0.78 ns 
percentage establishment 7 30.68 
* 
3.95 
total mortality 7 45.43 0.72 ns 
^Data transformed to arcsin /% for analysis. 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
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Table 35. Percentage mortality of neonate larvae bioassayed 
against the streptococci or micrococci 
"îsaso.... . ^ 
S. faecalis 
B51D—1— 
B47D-1-
C59D-1-
JllL-1-
C61D—1— 
Streptococcus sp. 
I17L-1-4 
M. luteus 
L4E-1-1 
Control 
2 0 . 6  
8 . 8  
14.7 
17.6 
11.8 
5.9 
5,9 
5.9 
5.9 
8 . 8  
2.9 
2.9 
5.9 
2.9 
2.9 
0 
2.9 
2.9 
2.9 
0 
0 
2.9 
2.9 
0 
9.8 
6.8 
6 . 8  
6.8 
5.9 
a 
a 
a 
a 
a 
3.9 a 
3.9 a 
2.0 a 
Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 36. Percentage hatch of egg masses topically treated 
with streptococci or micrococci 
Bacterium 
isolation no. 
Percentage hatch' 
Replication 
II III 
Mean 
S. faecalis 
B51D-1-1 85.1 
C61D-1-1 64.7 
JllL-1-4 83.6 
B47D-1-1 82.6 
C59D-1-1 38.0 
Streptococcus sp. 
I17L-1-4 88.3 
M. luteus 
L4E-1-1 84.4 
Control 75.6 
70.0 
69.8 
66.1 
67.9 
86.4 
65.7 
65.3 
81.7 
87.9 
89.1 
81.3 
74.7 
8 6 . 8  
88.9 
69.2 
79.5 
81.0 a 
77.5 a 
77.0 a 
75.1 a 
70.4 a 
81.0 a 
73.0 a 
78.9 a 
^Data transformed to acrsin /% for analysis 
^Means followed by the same letter are not significantly 
different. 
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Table 37. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with streptococci or micrococci 
Bacterium 
isolation no. 
Percentage esteiblishment 
Replication 
I II III 
Mean 
S. faecalis 
C59D-1-1 
B51D-1-1 
JllL-1-4 
B47D-1-1 
C61D-1-1 
94.3 
93.4 
95.9 
92.7 
82.7 
87.3 
90.5 
86.1 
83.9 
81.5 
97.1 
93.6 
93.8 
87.7 
89.6 
92.5 
92.5 
91.9 
88.1 
84.6 
a 
a 
a 
a 
a 
Streptococcus sp. 
I17L-1-4 
M. luteus 
95.1 90.2 97.7 94.3 a 
L4E-1-1 
Control 
92.8 
88.5 
79.2 
83.5 
92.2 
96.2 
88.1 a 
89.4 a 
Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
<44 
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Table 38. Total percentage mortality from egg masses 
topically treated with streptococci or micrococci 
- a s s . . — " S i s m - y  ^  
S. faecalis 
C61D-1-1 46.5 43.1 20.2 36.6 a 
B47D-1-1 23.5 43.1 34.5 33.7 a 
C59D-1-1 62.0 24.5 15.7 34.1 a 
JllL-1-4 20.5 40.3 20.6 27.1 a 
B51D-1-1 20.6 36.7 17.7 25.0 a 
Streptococcus sp. 
I17L-1-4 15.3 43.5 16.7 25.2 a 
M. luteus 
L4E-1-1 21.7 48.3 36.1 35.4 a 
Control 33.1 31.7 30.4 31.7 a 
^Data transformed to arcsin /¥ for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 39. Analyses of variance for the neonate larval and 
egg mass bioassays against B.t. vair. kurstaki or 
B. cereus 
Analysis' df Ms 
Larval bioassay 
neonate larval mortality 
Egg mass bioassay 
percentage hatch 
percentage establishment 
total mortality 
38 
38 
38 
38 
1609.58 
39.33 
1714.33 
1386.69 
** 
15.17 
1.31 ns^ 
* * 
11.23 
12.00 
** 
^Data expressed as a percent and transformed arcsin /% 
for analysis. 
^ns = nonsignificant. 
** 
Significant at the 99% level of probability. 
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Table 40. Percentage mortality of neonate larvae bioassayed 
against B.t. var. kurstaki or B. cereus 
Bacterium 
isolation no. 
Mortality* 
Replication 
II 
Mean 
III 
B.t. var. kurstaki 
4L-1-2 100 
18E-1-1 100 
L18E-1-1 100 
JllL-1-1 100 
R23E-1-1 94.1 
B. cereus 
ÔF5L-1-2 32.4 
085E-2-1 67.6 
022E-2-2 70.6 
P7L-1-1 20.6 
L7E-1-1 17.6 
L28E-1-3 8.8 
L15E-1-1 14.7 
044L-1-1 32.4 
S12E-1-1 17.6 
L3E-1-3 8.8 
R51L-1-1 29.4 
L5E-1-2 11.8 
L14E-1-1 5.9 
L24L-1-2 5.9 
M9E-1-2 5.9 
R63L-1-1 26.5 
R37E-1-1 0 
L30E—1-1 5.9 
R59L-1-1 14.7 
Ll7E-i-l 11.8 
R52L-1-1 17.6 
023L-1-2 14.7 
R26E-1-1 11.8 
S9E-1-1 14.7 
lL-4-2 0 
R43L-1-1 14.7 
N16E-1-1 8.8 
030L-1-1 2.9 
S19L-1-1 2.9 
R3L-1-2 8.8 
RlL-1-1 0 
Control 17.6 
100 
1000 
100 
100 
100 
64.7 
29.4 
23.5 
44.1 
52.9 
55.9 
55.9 
35.3 
17.6 
41.2 
14.7 
38.2 
44.1 
50.0 
44.1 
17.6 
17.6 
44.1 
11.8 
29.4 
11.8 
11.8 
11.8 
2.9 
29.4 
8 . 8  
5.9 
11.8 
2.9 
2.9 
0 
11.8 
100 
100 
100 
100 
100 
29.4 
11.8 
11.8 
40.2 
11.8 
14.7 
5.9 
2.9 
14.7 
17.6 
2 0 . 6  
14.7 
14.7 
8 . 8  
11.8 
14.7 
41.2 
5.9 
26.5 
8 . 8  
11.8 
11.8 
14.7 
2 0 . 6  
8 . 8  
8 . 8  
5.9 
5.9 
14.7 
5.9 
8 . 8  
11.8 
100 a 
100 a 
100 a 
100 a 
98.1 a 
42.2 
36.3 
35.4 
35.3 
27.4 
26.5 
25.5 
23.5 
22.5 
22.5 
21.6 
21.6 
21.6 
21.6 
2 0 . 6  
19.6 
19.6 
18,6 
17.7 
16.7 
13.7 
12.8 
12.8 
12.7 
12.7 
10.8 
6,9 
6.9 
6 . 8  
5.9 
2.9 
13.7 
b 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
be 
c 
be 
^Data transformed to aresin /% for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying the 
L.S.D. 
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Table 41. Percentage hatch of egg masses topically treated 
with B.t. var. kurstaki or B. cereus 
B.t. var. kurstaki 
R23E-1-1 91.6 94.8 94.6 93.7 a 
4L-1—2 97.5 94.7 75.9 89.4 a 
18E-1-1 82.4 84.2 89.7 85.4 a 
JllL-3-1 97.6 71.3 85.9 84.9 a 
L18E-1-1 90.2 72.6 81.4 81.4 a 
B. cereus 
R63L-1-1 98.3 95.6 92.4 95.4 a 
L14E-1-1 98.5 95.7 91.7 95.3 a 
R52L-1-1 93.0 96.0 96.1 95.0 a 
L24L-1-2 52.6 96.2 94.3 94.4 a 
S9E-1-1 92.6 94.0 94.7 93.8 a 
022E-2-2 99.1 89.1 92.3 93.5 a 
055L-1-2 93.4 93.2 94.0 93.5 a 
L15E-1-1 94.7 94.2 90.9 93.3 a 
023L-1-2 99.3 94.1 85.3 92.9 a 
R51L-1-1 90.3 95.4 92.6 92.8 a 
044L-1-1 98.7 88.9 89.5 92.4 a 
L28E-1-1 93.2 90.6 93.3 92.3 a 
R14E-1-2 92.9 86.2 97.4 92.2 a 
R26E-1-1 93.0 89.0 94.0 92.0 a 
L5E-1-2 90.9 95.0 89.1 91.7 a 
S12E-1-1 93.0 95.0 85.6 91.2 a 
R43L-1-1 89.7 91.6 91.8 91.0 a 
IL—4—2 99.1 89.3 84.2 90.5 a 
N16E-1-2 95.0 94.7 81.2 90.3 a 
L3E-1-3 96.6 80.6 93.0 90.1 a 
R24E-1-1 94.5 87.4 88.1 90.0 a 
RlL-1-1 82.2 90.8 95.4 89.5 a 
L7E-1-2 91.5 93.6 83.1 89.4 a 
R59L-1-1 92.5 84.3 90.2 89.0 a 
R37E-1-1 84.5 85.6 96.3 88.8 a 
L17E-1-1 84.0 94.4 86.9 88.4 a 
PlL-1-1 86.3 86.6 92.2 88.4 a 
030L-1-1 83.1 92.3 86.8 87.4 a 
R3L-1-2 90.4 82.6 87.8 86.9 a 
L30E-1-1 83.7 87.0 84.6 85.1 a 
S19L-1-1 96.7 81.3 75.6 84.5 a 
M9E-1-2 86.8 90.6 72.8 83.4 a 
085E-2-1 84.0 78.9 80.3 81.1 a 
Control 98.2 99.2 85.5 94.3 a 
.Data transformed to arcsin /Ç" for analysis. 
Means followed by the same letter are not significantly 
different. 
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Table 42. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with B.t. var. kurstaki or B. cereus 
Bacterium 
isolation no. 
Percentage establishment 
Replication 
I II III 
Mean 
B.t. var. kurstaki 
JUL-3-1 
L18E-1-1 
4L-1-2 
18E-1-1 
R23E-1-1 
0 
7.1 
2.1 
0 
0 
0 
2.7 
0 
0.9 
0 
13.1 
0 
1.0 
0 
0 
4.4 
3.3 
1.0 
0.3 
0 
be 
be 
be 
be 
e 
B. cereus 
023L-1-2 96.1 92.6 99.1 95.9 a 
085E-2-1 91.9 97.6 96.7 95.4 a 
R43L-1-1 96.7 91.0 97.9 95.2 a 
L28E-1-1 93.0 95.1 96.8 95.0 a 
R63L-1-1 90.8 96.5 96.3 94.5 a 
044L—1—1 93.3 99.4 90.1 94.3 a 
S19L-1-1 93.4 96.6 92.5 94.2 a 
R52L-1-1 87.5 98.1 95.0 93.5 a 
R26E-1-1 90.5 95.8 94.3 93.5 a 
L24L-1-2 89.0 93.0 97.0 93.0 a 
022E-2-2 98.4 91.3 86.7 92.1 a 
L30E-1-1 88.6 93.8 92.7 91.7 a 
L5E-i-2 92.5 93.Û 87.8 91.1 a 
R24E-1-1 84.1 92.0 96.4 90.8 a 
L7E-1-2 93.9 93.2 84.6 90.6 a 
P7L-1-1 86.4 92.1 92.9 90.5 a 
lL-4-2 95.4 89.2 85.5 90.0 a 
R3L-1-2 84.8 90.3 93.8 89.6 a 
RlL-1-1 82.9 89.2 96.0 89.4 a 
S12E-1-1 86.8 92.4 88.3 89.2 a 
L15E-1-1 76.2 89.5 94.0 86.6 a 
L14E-1-1 95.5 94.8 68.9 86.4 a 
L3E-1-3 88.4 90.3 79.8 86.2 a 
M9E-1-2 71.6 92.4 92.5 85.5 a 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying the 
L.S.D. 
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Table 42 (Continued) 
Bacterium Percentage ast^listoent^ MeaD" 
isolation no. ^ Replication 
L17E-1-1 77.8 93.3 78.9 83.3 a 
R14E-1-2 46.4 90.7 94.1 77.1 a 
S9E-1-1 81.0 98.2 50.4 76.5 a 
R51L-1-1 92.5 98.2 29.2 73.3 a 
R59L-1-1 78.8 94.4 43.2 72.1 a 
R37E-1-1 46.8 91.6 69.8 69.4 a 
055L-1-2 33.3 94.3 67.1 64.9 ab 
N16E-1-2 7.8 94.7 90.9 64.5 ab 
030L-1-1 2.3 0 94.9 32.4 b 
rol 93.3 98.2 95.8 95.8 a 
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Table 43. Total percentage mortality from egg masses 
topically treated with B.t. var. kurstaki or 
B. cereus 
B.t. var. kurstaki 
R23E-1-1 100 100 100 100 a 
18E-1-1 100 99.2 100 99.7 ab 
4L-1-2 98.0 100 99.8 99.3 ab 
L18E-1-1 94.8 97.5 100 97.4 ab 
JllL-3-1 100 100 88.7 96.2 ab 
B. cereus 
030L-1-1 97.9 100 17.5 71.8 b 
N16E-1-2 92.7 10.1 26.2 43.0 c 
055L-1-2 68.9 11.9 36.9 39.2 cd 
R37E-1-1 60.0 22.6 32.8 38.5 cd 
R59L-1-1 33.6 12.7 61.0 35.8 cd 
R51L-1-1 11.8 11.3 71.5 31.5 cd 
M9E-1-2 35.1 19.7 32.7 29.2 cd 
S9E-1-1 23.8 9.1 52.3 28.4 cd 
R14E-1-2 60.0 15.7 8.3 28.0 cd 
L17E-1-1 26.5 21.6 31.4 26.5 cd 
085E-2-1 27.5 18.0 22.4 22.6 cd 
L3E-1-3 28.7 12.8 25.8 22.4 cd 
L30È-1-1 22. 9 21.5 21. 6 22.0 cd 
R3L-1-2 29.9 18.4 17.6 22.0 cd 
P7L-1-1 25.2 20.5 14.4 20.3 cd 
S19L-1-1 24.1 6.6 30.1 20.3 cd 
RlI-1-1 24.7 26.6 8.4 19.9 cd 
L15E-1-1 29.2 15.3 14.6 19.7 cd 
lL-4-2 14.8 12.5 28.1 19.5 cd 
L7E-1-2 12.1 14.7 29.7 18.8 cd 
S12E-1-1 17.6 14.1 24.4 18.7 cd 
R24E-1-1 26.5 13.0 15.1 18.2 cd 
L14E-1-1 9.6 6.6 36.8 17.7 cd 
L5E-1-2 12.1 15.5 21.8 16.5 cd 
^Data transformed to arcsin /¥ for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying the 
li • S • D. 
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Table 43 (Continued) 
022E-2-2 12.3 9.5 20.0 13.9 cd 
R26E-1-1 19.5 10.9 11.3 13.9 cd 
R43L-1-1 11.5 18.4 10.1 13.3 cd 
044L-1-1 17.0 1.9 19.4 12.8 cd 
L24L-1-2 14.4 13.9 8.5 12.3 cd 
L28E-1-1 15.7 11.4 9.6 12.2 cd 
R63L—1—1 13.1 5.2 18.0 12.1 cd 
023L-1-2 10.6 8.1 15.5 11.4 cd 
R52L-1-1 16.0 8.8 8.8 11.2 cd 
ol 7.4 3.6 18.1 9.7 d 
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Table 44. Analysis of variance for the neonate larval and 
egg mass bioassays against Bacillus sp. 
Analysis^ df Ms F 
Larval bioassay 
neonate larval mortality 48 85.68 1. 41 ns^ 
Egg mass bioassay 
percentage hatch 47 55.92 1. 
* 
52 
percentage establishment 47 127.09 2. 
** 
24 
total mortality 47 115.50 2. 
** 
85 
^Data expressed as a percent cind transformed arcsin /% 
for analysis. 
^ns = nonsignificant. 
* 
Significant at the 95% level of probability. 
** 
Significant at the 99% level of probability. 
140 
Table 45. Percentage mortality of neonate larvae bioassayed 
against Bacillus sp. 
no. i — —  
Bacillus sp. 
N36L-1-1 5.9 17.6 41.2 21.6 a 
N25E-1-1 2.9 23.5 26.5 17.6 a 
N16E-1-3 20.6 20.6 8.8 16.7 a 
N27E-1-1 0 8.8 35.3 14.7 a 
N26E-1-1 5.9 5.9 29.4 13.7 a 
N21E-1-1 5.9 11.8 20.6 12.8 a 
P30E-1-1 8.8 8.8 20.6 12.7 a 
NIE-1-2 8.8 5.9 23.5 12.7 a 
055L-1-1 2.9 14.7 2Û.6 12.7 a 
043L-1-1 5.9 14.7 14.7 11.8 a 
N29L-1-1 5.9 5.9 20.6 10.8 a 
025E-1-2 2.9 14.7 14.7 10.8 a 
P27E-1-1 2.9 2.9 26.5 10.8 a 
051E-1-1 11.8 5.9 11.8 9.8 a 
M4E-1-1 11.8 2.9 14.7 9.8 a 
N23E-1-1 2.9 17.6 8.8 9.8 a 
N39E-1-1 2.9 23.5 2.9 9.8 a 
P29E-1-1 2.9 2.9 23.5 9.8 a 
P7L-1-2 2.9 8.8 14.7 8.8 a 
063L-1-1 0 11.8 11.8 7.9 a 
060E-1-1 0 8.8 14.7 7.8 a 
•» ft 5.3 8 . 8  8 . 8  7.8 a 
L24L-1-1 11.8 5.9 2.9 6.9 a 
032E-1-1 2.9 5.9 11.8 6.9 a 
07E-1-1 8.8 8.8 2.9 6.8 a 
M-lE-l-l 2.9 2.9 14.7 6.8 a 
M7E-1-1 2.9 0 17.6 6.8 a 
L7E-1-3 5.9 2.9 8.8 5.9 a 
L17E-1-2 5.9 8.8 2.9 5.9 a 
058E-1-1 2.9 11.8 2.9 5.9 a 
IJ36E—1—1 8.8 0  8.8 5.9 a 
L28E-1-1 11.8 0 5.9 5.9 a 
P42L-1-1 5.9 0 11.8 5.9 a 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Table 45 (Continued) 
no. , ^ScalSn 
M9E-1-1 0 
L13E-1-2 5.9 
L21E-1-1 2.9 
N40E-1-1 5.9 
R8E-1-1 0 
061L-1-2 0 
L14E-1-2 2.9 
L15E-1-2 2.9 
L23L-1-1 5.9 
L16E-1-2 5.9 
L31E-1-1 2.9 
L29L-1-1 2.9 
M8E-1-1 0 
Control 0 
0 17.6 5.9 a 
2.9 5.9 4.9 a 
5.9 5.9 4.9 a 
5.9 2.9 4.9 a 
2.9 11.8 4.9 a 
0 11.8 3.9 a 
2.9 2.9 2.9 a 
5.9 0 2.9 a 
2.9 0 2.9 a 
0 0 2.0 a 
0 2.9 1.9 a 
0 0 1.0 a 
0 2.9 1.0 a 
5.9 29.4 11.8 a 
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Table 46. Percentage hatch of egg masses topically treated 
with Bacillus sp. 
Bacillus sp. 
061L—1—2 88.8 90.6 88.7 89.4 a 
025E-1-2 77.3 98.5 80.1 85.3 a 
N26E-1-1 77.8 89.0 88.2 85.0 a 
032E-1-1 84.6 92.1 72.8 83.2 a 
P27E-1-1, 85.4 92.9 71.1 83.1 a 
043L-1-1 87.0 81.3 81.0 83.1 a 
L40E-1-1 78.3 81.1 88.1 82.5 a 
07E-1-1 79.9 84.4 80.0 81.4 a 
060E-1-1 75.0 94.1 74.4 81.2 a 
NllE-1-2 85.8 77.1 80.5 81.1 a 
N36L-1-1 86.7 74.7 82.0 81.1 a 
N27E-1-1 82.3 92.0 68.6 81.0 a 
L29L-1-1 77.9 78.1 86.8 80.9 a 
L14E-1-2 90.7 81.1 70.1 80.6 a 
058E-1-1 76.3 89.6 75.2 80.4 a 
P42L-1-1 78.9 93.3 68.5 80.2 a 
L36E-1-1 87.3 82.1 70.1 79.8 a 
N29L-1-1 86.4 76.4 74.7 79.2 a 
M7E-1-1 79.9 70.3 83.8 78.0 a 
MlE-1-1 80.9 71.8 81.1 77.9 a 
M8E-1-1 80.0 78.8 74.0 77.6 a 
K25E—i-1 88.8 78. 8 66.0 77.5 a 
M9E-1-1 79.8 80.6 72.0 77.5 a 
N40E-1-1 78.2 96.1 56.4 76.9 a 
L23L-1-1 72.5 85.7 71.5 76.6 b 
N23E-1-1 84.1 84.1 60.6 76.3 b 
N21E-1-1 82.9 82.7 62.2 75.9 b 
N39E-1-1 82.5 76.0 68.8 75.8 b 
055L-1-1 72.7 88.3 64.5 75.2 b 
L28E-1-1 82.3 78.4 65.0 75.2 b 
ÎÎ6E—1—2 70.3 77.9 77.0 75.1 b 
L15E-1-2 89.3 66.9 67.7 74.6 b 
063E-1-1 80.1 82.3 59.9 74.1 b 
P29E-1-1 84.8 76.1 61.1 74.0 b 
^ata transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different at the 95% level of probability when applying 
Dunnett's procedure. 
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Table 46 (Continued) 
••sas..™, . 
P7L-1-2 84.1 74.9 61.6 73.5 b 
P30E-1-1 76.3 71.1 72.2 73.2 b 
L17E-1-2 84.1 71.6 62.1 72.6 b 
L31E-1-1 81.3 77.7 58.6 72.5 b 
L24L-1-1 75.9 74.1 64.9 71.6 b 
NlE-1-2 84.7 68.4 58.5 70.5 b 
M4E-1-1 81.5 77.7 50.3 69.8 b 
L21E-1-1 85.7 68.4 54.0 69.4 b 
L16E-1-2 76.6 62.2 64.2 67.7 b 
L7E-1-3 91.2 64.1 47.1 67.5 b 
L13E-1-2 86.4 65.3 46.2 66.0 b 
N16E—1—3 74.4 62.7 52.5 63.2 b 
roi 98.1 91.1 92.5 93.9 a 
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Table 47. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with Bacillus sp. 
Bacterium Percentage establishment* Mearf 
isolation no. ^ Replication 
Bacillus sp. 
P27E-1-1 95.7 99.4 94.1 96.4 a 
032E-1-1 92.7 97.7 95.7 95.4 a 
043L-1-1 94.5 93.3 97.7 95.2 a 
N21E-1-1 94.1 94.4 92.8 93.8 a 
058E-1-1 98.1 91.7 91.1 93.6 a 
L40E-1-1 92.9 95.6 89.9 92.8 a 
025E-1-2 96.3 87.9 93.2 92.5 a 
P30E-1-1 91.4 93.5 92.7 92.5 a 
N36L-1-1 85.6 96.0 95.6 92.4 a 
N40E-1-1 97.8 87.9 91.4 92.4 a 
L31E-1-1 92.7 92.8 91.6 92.4 a 
055L-1-1 97.8 87.5 88.7 91.3 a 
P42L-1-1 86.6 94.1 92.2 91.0 a 
N39E-1-1 90.7 90.4 89.5 90.2 a 
061L-1-2 86.6 86.7 96.3 89.9 a 
L36E-1-1 92.3 86.4 90.7 89.8 a 
R8E-1-1 80.6 92.2 96.2 89.7 a 
063E-1-1 89.0 90.5 88.3 89.3 a 
060E-1-1 86.0 87.4 93.9 89.1 a 
N29L-1-1 78.7 92.9 95.5 89.0 a 
M8S-1-1 85.3 83.8 31.G So. 7 a 
N27E-1-1 80.2 90.7 94.0 88.3 a 
L29L-1-1 85.8 93.0 83.1 87.3 a 
07E-1-1 76.5 92.7 91.7 87.0 a 
N16E-1-3 78.8 92.1 84.9 85.3 a 
N23E-1-1 87.9 75.0 91.3 84.7 a 
M4E-1-1 86.4 73.1 94.2 84.6 a 
M9E-1-1 83.6 81.0 88.9 84.5 a 
M7E-1-1 87.8 85.5 79.8 84.4 a 
N26E—1—1 84.8 73.6 31.3 83.2 a 
L23L-1-1 85.0 79.4 82.5 82.3 a 
NlE-1-2 87.4 87.2 71.1 81.9 a 
L16E-1-2 81.0 87.8 76.3 81.7 a 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying 
Dunnett's procedure. 
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Table 47 (Continued) 
Bacterium Percentage establishment* b 
isolation no. ~ Replication — 
L21E-1-1 83.3 72.5 88.9 81.6 a 
L13E-1-2 80.3 75.0 87.9 81.1 a 
N6E-1-2 87.2 79.8 70.2 79.1 a 
N25E-1-1 67.2 74.1 95.8 79.0 a 
NllE-1-2 91.7 75.2 67.3 78.1 a 
L17E-1-2 83.6 73.1 76.7 77.8 a 
L28E-1-1 62.3 81.3 89.2 77.6 a 
MlE-1-1 84.0 57.4 82.8 74.7 b 
P29E-1-1 49.6 78.7 95.6 74.6 b 
L24L-1-1 86.5 59.3 69.4 71.7 b 
L7E-1-3 69.9 71.2 69.1 70.1 b 
L15E-1-2 63.2 42.0 82.5 62.6 b 
L14E-1-2 86.6 15.6 82.0 61.4 b 
Control 95.5 100 90.4 95.3 a 
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Table 48. Total percentage mortality from egg masses 
topically treated with Bacillus sp. 
no. , 
Bacillus sp. 
P27E-1-1 18.2 7.6 33.1 19.6 a 
061L—1—2 23.1 21.5 14.6 19.7 a 
032E-1-1 21.5 10.0 30.4 20.6 a 
043L-1-1 17.8 24.2 20.9 21.0 a 
025E-1-2 25.5 13.4 25.3 21.4 a 
L31E-1-1 24.6 28.0 14.7 22.4 a 
L40E-1-1 27.3 22.5 20.7 23.5 a 
058E-1-1 25.2 17.8 31.5 24.8 a 
N36L-1-1 25.8 28.3 21.6 25.2 a 
P42L-1-1 31.7 12.2 36.9 26.9 a 
060E-1-1 35.5 17.8 30.1 27.8 a 
L36E-1-1 19.1 29.1 36.4 28.2 a 
R8E-1-1 34.6 15.0 36.1 28.6 a 
N27E-1-1 34.0 16.6 35.5 28.7 a 
N21E-1-1 22.0 22.0 42.3 28.8 a 
07E-1-1 38.9 21.8 26.7 29.1 a 
N26E-1-1 34.0 34.5 19.4 29.3 a 
L29L-1-1 33.1 27.3 27.9 29.4 a 
N40E-1-1 23.5 15.5 49.4 29.5 a 
055L-1-1 28.9 22.7 39.3 30.3 a 
M8E-1-1 31.8 29.2 32.7 31.2 a 
N39E—1-1 25.2 31.3 38.4 31.6 2 
N29L-1-1 37.0 29.1 28.7 31.6 a 
P30E-1-1 30.3 33.5 33.1 32.3 b 
063E-1-1 28.7 25.5 43.5 32.6 b 
M7E-1-1 29.9 39.8 33.1 34.3 b 
P7L-1-2 23.5 38.9 41.5 34.6 b 
M9E-1-1 33.3 34.7 36.0 34.7 b 
N23E-1-1 26.1 36.9 44.7 35.9 b 
NllE-1-2 21.3 42.0 45.9 36.4 b 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different at the 99% level of probability when applying 
Dunnett's procedure. 
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Table 48 (Continued) 
•"SS-. ... 
L23L-1-1 38.4 31.9 41.0 37.1 b 
N25E-1-1 40.3 42.4 36.8 39.8 b 
N6E-1-2 38.7 37.9 45.9 40.8 b 
MlE-1-1 32.1 58.8 32.9 41.3 b 
NIE-1-2 26.0 40.3 58.5 41.6 b 
M4E-1-1 29.6 43.2 52.6 41.8 b 
L28E-1-1 48.7 36.2 42.0 42.3 b 
L17E-1-2 29.7 47.7 52.4 43.3 b 
L21E-1-1 28.6 50.4 52.0 43.7 b 
L16E-1-2 38.0 45.4 51.0 44.8 b 
P29E-1-1 58.0 40.1 40.8 46.3 b 
N16E-1-3 41.4 42.2 55.4 46.3 b 
L13E-1-2 30.6 51.0 59.4 47.0 b 
L24L-1-2 34.3 56.0 55.0 48.4 b 
L14E-1-2 21.4 86.3 42.5 50.1 b 
L7E-1-3 36.3 54.4 67.4 52.7 b 
L15E-1-2 43.6 71.9 44.1 53.2 b 
roi 6.2 00
 
vo
 
16.4 10.5 a 
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Table 49. Analyses of variance for the neonate larval and 
egg mass bioassays against bacteria from group 1 
of the unidentified, gram-positive rods 
Analysis^ df Ms F 
Larval bioassay , 
neonate larval mortality 12 25.25 0.51 ns 
Egg mass bioassay 
percentage hatch 12 37. 48 1.13 ns 
percentage establishment 12 50. 27 1.91 ns 
total mortality 12 29. 16 1.17 ns 
^Data transformed to arcsin /W for analysis, 
^ns = nonsignificant. 
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Table 50. Percentage mortality of neonate larval bioassayed 
against bacteria from group 1 of the unidentified, 
gram-positive rods 
Bacterium Percentage mortality^ „b 
isolation no. ^ Replication 
Group 1 
L23L-1-3 14.7 
NllE-1-1 17.6 
LlE-1-1 11.8 
N27E-1-3 20.6 
N22E-1-1 14.7 
L3E-1-1 14.7 
L5E-1-1 14.7 
L7E-1-1 20.6 
P7L-1-4 20.6 
065E-1-1 5.9 
L13E-1-1 2.9 
S9E-1-3 14.7 
Control 14.7 
8.8 14.7 12.7 a 
11.8 2.9 10.8 a 
2.9 17.6 10.8 a 
0 11.8 10.8 a 
2.9 11.8 9.8 a 
8.8 2.9 9.8 a 
5.9 5.9 8.8 a 
2.9 0 7.8 a 
0 2.9 7.8 a 
5.9 8.8 6.9 a 
8.8 5.9 5.9 a 
2.9 0 5.9 a 
5.9 5.9 00
 
CO
 
a 
^Data transformed to arcsin /¥ for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Table 51. Percentage hatch of e^g masses topically treated 
with bacteria from group 1 of the unidentified 
gram-positive rods 
Group 1 
N22E-1-1 97.9 81.3 82.9 87.4 a 
L7E-1-1 86.3 76.7 86.4 83.1 a 
S9E-1-3 39.3 66.3 93.4 83.0 a 
LIE-1-1 85.4 73.7 85.0 81.4 a 
N27E-1-3 87.7 77.4 73.5 79.5 a 
L3E-1-1 81.2 80.0 73.9 78.4 a 
065E-1-1 81.4 70.9 82.1 78.1 a 
NllE-1-1 64.1 86.0 81.0 77.0 a 
L13E-1-1 71.3 74.5 83.9 76.6 a 
L23L-1-3 71.3 74.2 77.2 74.2 a 
P7L-1-4 73.9 64.2 84.2 74.1 a 
L5E-1-1 70.6 64.8 81.8 72.4 a 
Control 82.6 69.9 64.9 72.5 a 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Table 52. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with bacteria from group 1 of the unidentified, 
gram-positive rods 
Bacterium Percentage establishment* Mean" 
isolation no. ^ Replication 
Group 1 
L5E-1-1 84.4 84.8 99.1 89.4 a 
L13E-1-1 82.9 89.2 91.1 87.7 a 
N22E-1-1 88.6 80.6 89.7 86.3 a 
NllE-1-1 75.4 86.5 92.4 84.8 a 
N27E-1-3 88.0 75.8 88.1 84.1 a 
S9E-1-3 76.1 89.8 81.2 82.4 a 
065E-1-1 75.0 81.0 89.1 81.7 a 
L3E-1-1 78.0 79.9 82.8 80.2 a 
L7E-1-1 78.8 82.1 78.7 79.9 a 
P7L-1-4 77.8 85.3 72.5 78.5 a 
L23L-1-3 79.5 73.7 80.0 77.7 a 
LIE-1-1 63.0 76.9 70.6 70.2 a 
ol 94.5 77.9 87.5 86.6 a 
^Data transformed to arcsin for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Tabj.e 53. Total percentage mortality from egg masses 
topically treated with bacteria from group 1 of the 
unidentified, gram-positive rods 
Group 1 
LIE-1-1 46.2 43.3 40.0 43.2 a 
L23L-1-3 43.3 45.3 38.2 42.3 a 
P7L-1-4 42.5 37.4 38.9 39.6 a 
L3E-1-1 36.6 36.2 38.8 37.2 a 
065E-1-1 38.9 42.6 26.8 36.1 a 
L5E-1-1 40.0 45.1 18.9 34.7 a 
L7E-1-1 32.0 37.0 32.0 33.7 a 
L13E—1—1 43.8 33.6 23.6 33.7 a 
NllE-1-1 50.3 25.6 25.2 33.7 a 
N27E-1-3 22.8 41.3 35.0 33.0 a 
S9E-1-3 29.0 40.5 34.2 31.2 a 
N22E-1-1 13.3 34.5 25.7 24.5 a 
Control 29.9 45.6 43.2 39.6 a 
^Data transformed to arcsin /% for analysis. 
^Means not followed by the same letter are significantly 
different. 
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Table 54. Analyses of variance for the neonate larval and egg 
mass bioassays against bacteria from group 2 of the 
unidentified, gram-positive rods 
Analysis^ df Ms F 
Larval bioassay 
neonate larval mortality 25 47. 38 0. 87 ns" 
Egg mass bioassay 
percentage hatch 25 46. 35 1. 41 ns 
percentage establishment 25 27. 96 1. 18 ns 
total mortality 25 44. 59 1. 35 ns 
^Data transformed to arcsin /% for analysis, 
^ns = nonsignificant. 
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Table 55. Percentage mortality of neonate larvae bioassayed 
against bacteria from group 2 of the unidentified, 
gram-positive rods 
Group 2 
R3L-1-3 14.7 20.6 11.8 15.7 a 
P31E-1-1 8.8 17.6 5.9 10.8 a 
N16E-1-4 2.9 14.7 14.7 10.8 a 
R23E-1-2 5.9 8.8 14.7 9.8 a 
R24E-1-2 2.9 11.8 14.7 9.8 a 
R14E-1-3 2.9 20.6 5.9 9.8 a 
060E-1-2 2.9 20.6 5.9 9.8 a 
R8E-1-2 5.9 11.8 8.8 8.8 a 
LlOL-1-1 5.9 5.9 14.7 8.8 a 
P7L-1-3 5.9 17.6 2.9 8.8 a 
054E-1-2 2.9 5.9 14.7 7.8 a 
L4E-1-2 2.9 2.9 17.6 7.8 a 
063L-1-2 8.8 5.9 2.9 5.9 a 
P33E-1-1 2.9 11.8 2.9 5.9 a 
L21E-1-2 5.9 0 11.8 5.9 a 
NIE-1-1 0 11.8 5.9 5.6 a 
059E-1-1 2.9 8.8 2.9 4.9 a 
L29L-1-2 8.8 0 5.9 4.9 a 
N26E-1-2 0 8.8 5.9 4.9 a 
057E-1-1 0 5.9 8.8 4.9 a 
L3E-1-2 0 2.9 11.8 4.9 a 
L7E-1-4 0 2.9 11.8 4.9 a 
L23E-1-2 0 2.9 11.8 4.9 a 
061L—1— 3 0 5.9 5.9 3.9 a 
N27E-1-2 0 11.8 0 3.9 a 
:ol 00
 
00
 
00
 
00
 
11.8 9.8 a 
Data transformed to arcsin for analysis. 
'Mean 
different. 
^ s followed by the same letter are not significantly 
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Table 56. Percentage hatch of egg masses topically treated 
with bacteria from group 2 of the unidentified, 
gram-positive rods 
Group 2 
P33E-1-1 91.5 94.5 88.1 91.4 a 
NlE-1-1 93.5 83.2 89.6 88.8 a 
R23E-1-2 84.8 90.9 90.2 88.6 a 
L29L-1-2 89.9 93.3 81.7 88.3 a 
R14E-1-3 87.7 89.9 86.5 88.0 a 
N26E-1-2 86.1 89.8 85.3 87.1 a 
063L-1-2 93.9 91.9 72.7 86.2 a 
P31E—1—1 87.6 86.9 81.6 85.4 a 
R8E-1-2 80.0 91.1 84.9 85.3 a 
N27E-1-2 92.7 75.4 87.0 85.0 a 
061L-1-3 95.9 80.4 76.2 84.2 a 
054E-1-2 96.0 79.9 70.5 82.1 a 
L4E-1-2 82.6 89.7 77.4 83.2 a 
057E-1-1 86.6 73.1 89.4 83.0 a 
R24E-1-2 • 75.7 82.2 85.2 81.0 a 
P7L-1-3 85.7 86.3 68.4 80.1 a 
L7E-1-4 74.6 78.0 86.2 79.6 a 
N16E-1-4 82.6 81.7 72.7 79.0 a 
L3E-1-2 78.5 83.6 73.9 78.7 a 
R3L-1-3 83.2 71.2 77.6 77.3 a 
L21E-1-2 85.5 78.9 66.4 76.9 a 
059E-1-1 84.7 67.7 77.7 76.7 a 
LlOL-1-1 72.9 88.4 65.6 75.6 a 
060E-1-2 81.3 78.7 58.7 72.9 a 
L23E-1-2 62.6 84.2 69.6 72.1 a 
rol 82.9 67.4 87.4 79.2 a 
^Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 57. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with bacteria from group 2 of the unidentified, 
gram-positive rods 
Bacterium Percentage establishment* b 
isolation no. ^ Replication 
Group 2 
NIE-1-1 94.8 96.8 96.6 96.1 a 
R14E-1-3 96.7 93.3 95.6 95.2 a 
063L-1-2 99.2 93.9 91.7 94.9 a 
061L-1-3 95.7 97.1 88.4 93.7 a 
R23E-1-2 92.7 93.6 93.5 93.3 a 
L29L-1-2 93.2 96.4 86.1 91.9 a 
L3E-1-2 97.1 91.8 82.8 91.7 a 
P31E-1-1 89.4 94.4 90.0 91.3 a 
054E-1-2 93.8 98.2 81.0 91.0 a 
R24E-1-2 92.7 90.7 88.7 90.7 a 
057E-1-1 87.0 97.2 87.3 90.5 a 
L23E-1-2 90.9 94.1 86.3 90.4 a 
060E-1-2 85.7 95.7 87.2 89.5 a 
N26E-1-2 88.3 84.4 95.5 89.4 a 
R3L—1—3 93.8 95.0 79.2 89.3 a 
L21E-1-2 88.4 92.8 86.8 89.3 a 
P7L-1-3 91.7 87.2 88.9 89.3 a 
059E-1-1 84.4 89.7 93.4 89.2 a 
N16E-1-4 93.2 80.4 91.4 88.3 a 
R8S—1—2 85.0 r\ A A • u 84.8 87.9 a 
N27E-1-2 96.8 91.3 75.4 87.8 a 
P33E-1-1 89.3 90.6 82.8 87.6 a 
L4E-1-2 95.3 85.6 78.1 86.3 a 
LlOL-1-1 88.5 85.9 78.8 84.4 a 
L7E-1-4 80.4 83.5 86.1 83.3 a 
rol 97.1 91.8 82.8 90.6 a 
^Data transformed to arcsin for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 58. Total percentage mortality from egg masses 
topically treated with bacteria from group 2 of the 
unidentified, gram-positive rods 
Group 2 
L7E—1—4 40.0 34.9 39.2 38.0 a 
060E-1-2 30.4 24.7 48.4 34.5 a 
L23E-1-2 43.1 20.8 38.6 34.2 a 
059E-1-1 28.5 39.2 25.8 31.2 a 
057E-1-1 24.6 29.0 39.6 31.1 a 
L3E-1-2 31.3 21.9 32.6 28.6 a 
LlOL-1-1 34.3 24.1 26.5 28.3 a 
R24E-1-2 29.9 25.5 27.4 27.6 a 
R8E-1-2 32.0 14.4 34.4 26.9 a 
L21E-1-2 24.4 27.4 27.0 26.3 a 
L4E-1-2 21.3 23.3 33.3 26.0 a 
P7L-1-3 21.4 24.7 29.7 25.3 a 
R14E-1-3 15.2 16.1 42.9 24.7 a 
N16E-1-4 23.4 34.3 15.7 24.5 a 
N26E-1-2 24.0 24.2 24.4 24.2 a 
061L-1-3 8.2 22.0 42.3 24.2 a 
R3L-1-3 22.0 32.4 18.6 24.1 a 
N27E-1-2 10.3 31.1 27.7 23.9 a 
P33E-1-1 17.8 14.4 33.6 21.9 a 
054E-1-2 9.9 21.6 30.4 20.6 a 
C63L-1-2 6.9 13.7 39.9 20.2 a 
R23E-1-2 21.3 14.9 21.9 19.4 a 
L29L-1-2 16.2 10.0 28.0 18.1 a 
P31E-1-1 21.7 17.9 13.4 17.7 a 
NIE-1-1 11.4 19.5 17.3 16.1 a 
:ol 19.5 38.2 48.9 35.5 a 
a transformed to arcsin •/% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 59. Analyses of variance for the neonate larval and 
egg mass bioassays against bacteria from group 3 
or 4 of the unidentified, gram-positive rods 
Analysis^ df Ms F 
Larval bioassay , 
neonate larval mortality 13 45.09 0.77 ns 
Egg mass bioassay 
percentage hatch 13 51.98 2.06 ns 
percentage establishment 13 21.95 0.45 ns 
total mortality 13 40.14 1.13 ns 
^Data expressed as a percent and transformed to arcsin 
/% for analysis. 
^ns = nonsignificant. 
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Table 60. Percentage mortality of neonate larvae bioassayed 
against bacteria from groups 3 or 4 of the 
unidentified, gram-positive rods 
Bacterium 
isolation no. 
Percent mortality* 
Replication 
II III 
Mean 
Group 3 
P33E-1-2 
S38E-1-1 
R27E-1-2 
E22E-1-1 
L16E-1-3 
JlOL-1-1 
F37E-1-2 
P7L-1-5 
26.5 
29.4 
2 0 . 6  
23.5 
11.8 
11.8 
11.8 
5.9 
26.5 
11.8 
26.5 
8 . 8  
14.7 
11.8 
0 
5.9 
2.9 
8 . 8  
2.9 
8 . 8  
5.9 
5.9 
8 . 8  
2.9 
18.6 
16.7 
16.7 
13.7 
10.8 
9.8 
6.9 
4.9 
a 
a 
a 
a 
a 
a 
a 
a 
Group 4 
N4E-1-1 
LlOL-1-2 
N12E-1-1 
025E-1-1 
N16E-1-1 
35.3 
32.4 
8 . 8  
5.9 
11.8 
14.7 
23.5 
26.5 
29.4 
8 . 8  
8 . 8  
0 
11.8 
8 . 8  
8 . 8  
19.6 
18.6 
15.7 
14.7 
9.8 
a 
a 
a 
a 
a 
Control 2 0 . 6  14.7 5.9 13.7 a 
Data transformed to arcsin /% for analysis. 
^Means followed by the same letter are not significantly 
different. 
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Table 61. Percentage hatch of egg masses topically treated 
with bacteria from groups 3 or 4 of the 
unidentified, gram-positive rods 
Bacterium 
isolation no. 
Percentage hatch 
Replication 
I II III 
Mean 
Group 3 
S38E-1-1 77.1 80.3 94.7 84.0 a 
R27E-1-2 66.7 81.5 88.5 78.9 a 
E22E-1-1 79.3 73.1 70.4 74.3 a 
F37E-1-2 73.1 68.8 80.4 74.1 a 
P33E-1-2 77.1 61.7 74.8 71.2 a 
JlOL-1-1 71.6 64.2 73.4 69.7 a 
P7L-1-5 78.1 58.8 61.1 66.0 a 
L16E-1-3 57.5 69.3 65.9 64.2 a 
Group 4 
025E-1-1 71.3 79.5 96.1 82.3 a 
LlOL-1-2 79.3 70.6 88.6 79.5 a 
N16E-1-1 75.4 74.6 80.8 76.9 a 
N12E-1-1 70.9 69.5 83.1 74.5 a 
N4E-1-1 64.8 63.0 75.3 67.7 a 
Control 63.1 76.8 74.8 71.6 a 
"Data transformed tc arcsin •/% fc 
Means followed by the same letter are not significantly 
different. 
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Table 62. Percentage larval establishment on a meridic diet 
after hatching from egg masses topically treated 
with bacteria from groups 3 or 4 of the 
unidentified, gram-positive rods 
Bacterium Percentage establishment* b 
isolation no. j Replication 
Group 3 
JlOL-1-1 95.3 
S38E-1-1 87.0 
L16E-1-3 94.3 
E22E-1-1 89.7 
F37E-1-2 89.3 
P33E-1-2 87.2 
R27E-1-2 85.6 
P7L-1-5 92.0 
Group 4 
N16E-1-1 94.4 
N4E-1-1 75.7 
025E-1-1 81.6 
LlOL-1-2 75.7 
N12E-1-1 66.0 
Control 76.6 
91.6 89.0 92.0 a 
88.6 93.0 89.5 a 
90.5 82.0 88.9 a 
97.2 75.8 87.6 a 
88.9 83.7 87.3 a 
92.7 79.8 86.6 a 
83.0 86.1 84.S a 
87.0 61.8 80.3 a 
89.0 88.5 90.6 a 
96.5 96.1 89.5 a 
99.2 85.6 88.8 a 
96.1 82.6 84.8 a 
95.1 83.2 81.4 a 
93.1 90.9 86.9 a 
Data transformed to arcsin /% for analysis. 
^Meems followed by the same letter are not significantly 
different. 
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Table 63. Total percentage mortality from egg masses topically 
treated with bacteria from groups 3 or 4 of the 
unidentified, gram-positive rods 
I II III 
Gro^p 3 
P7L-1-5 28.1 48.8 62.2 46.4 a 
L16E-1-3 45.7 37.2 45.9 42.9 a 
P33E-1-2 32.8 42.9 40.3 38.7 a 
JlOL—1—1 31.8 41.2 34.7 35.9 a 
F37E-1-2 34.7 38.8 32.7 35.4 a 
E22E-1-1 28.9 29.0 46.7 34.9 a 
R27E-1-2 43.0 32.3 23.8 33.0 a 
S38S—1—1 32.9 . 28.9 12.0 24.6 a 
Group 4 
N4E-1-1 50.9 39.3 27.6 39.3 a 
N12E-1-1 53.2 33.9 30.9 39.3 a 
LlOL-1-2 40.0 32.1 26.9 33.0 a 
N16E-1-1 28.8 33.6 28.5 30.3 a 
025E-1-1 41.9 21.2 17.8 27.0 a 
Control 51.7 28.5 32.0 37.4 a 
^Data transformed to arcsin for analysis. 
^Means followed by the same letter are not significantly 
different. 
